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Abstract 
The present thesis explored various applications of training specificity with regard 
to elite-level rugby union football players of various ages. A novel approach to 
metabolic conditioning employing skill-based conditioning games was 
investigated with elite-level senior professional players, during the course of a 
preseason training period. Training responses were assessed using a submaximal 
intermittent shuttle test performed at weekly intervals. Significant differences 
post-training (p<0.01) were observed for %HRmax reached during the final test 
stage and recovery of HR from the end of the final stage to the end of the final I- 
minute rest period. The second study examined effectiveness of a circuit format 
for strength training in elite senior professional players during a preseason training 
period. Following the circuit based strength training, deadlift and bench pull I- 
RM strength scores were significantly improved both in comparison to pre-tests 
(p<0.01) and end season scores (p<0.01). Bench press scores were also 
significantly improved following the training period (p<0.01), and post-test bench 
press scores were improved relative to end season scores, albeit to a lesser extent 
(p<0.05). An Olympic lift training intervention was undertaken with Junior 
academy-level rugby union players. The effect of the application of these lifts on 
mean power output measured using test apparatus that simulated the ruck clean 
movement featured in rugby union football was examined. The considerably 
greater increases of the training group on this measure (28% vs 8%) were 
reflected in greater statistical significance (p<0.01) relative to the improvement 
for the control group (p<0.05). A significant interaction effect also indicated the 
training groups responded significantly differently on the test measure following 
training. A weighted ballistic push up training mode, incorporating a prototype 
shoulder harness, was investigated in a group of junior academy-level rugby 
football players. The training group recorded significant improvements in work 
output measured using a concentric-only push test (p<0.05), whereas 
countermovement push-up test scores approached significance (P=0.063). The 
final study employed an overweight ball complex training intervention. Following 
training the elite academy professional players who served as subjects showed 
significant improvements (p<0.05) in right-handed and left-handed mean and peak 
pass velocities. 
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INTRODUCTION 
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2.1. Aims of the Thesis 
The studies presented in the present thesis evaluate the effects of novel 
approaches to training for rugby union football. These included methods for 
metabolic conditioning, strength training, power training and coordination 
training. Each training mode was designed to incorporate elements of specificity 
for the sport. 
D- 
Recent evidence suggests that it is not safe to generalise from data reported from 
non-athletes with regard to the training responses and optimal training parameters 
of elite athletes. Training practices that prove to be successful in non-athlete 
subjects may not necessarily be effective in elite athletes. It is therefore vital that 
prospective studies are undertaken to gather data directly regarding the specific 
training responses of elite athletes. 
Imposing a control group will always be problematic in the context of 
professional team sports. Individual athletes typically train in small groups with 
different coaches so are well used to undertaking different training to their peers. 
Within a squad of players this is not the case. Unsurprising therefore that there is 
far more published data from individual event athletes. There is a real lack of 
published prospective studies assessing training responses of team sports athletes, 
certainly at elite level. 
Three studies in the thesis feature a single experimental group of elite senior and 
academy professional players. These studies do not presume to provide a 
definitive answer on the best way of training these players. In the absence of a 
control training group, there is no basis to conclude the modes of training are 
superior to conventional training. That said, there is similarly an absence in data 
regarding responses to conventional training in these athletes. What the studies 
concerned do is provide data regarding the training responses of elite-level 
professional players, which does not currently exist. Whether or not these 
responses were inferior or superior to other forras of training is a topic for future 
investigations. 
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This section represents an outline of general principles of specificity in relation to 
testing and training. Brief examples of the ways in which specificity is manifested 
are given. A more detailed examination of specificity considerations for metabolic 
conditioning, strength development and power training will be given in the 
introductions to the respective sections. 
2.2. Principles of Specificity 
Training responses are specific to the metabolic, muscular and movement 
demands of the training activity. Adaptations elicited by training are typically 
exclusive to the physiological capacities that are directly related to coping with 
the specific exercise stress (Millet et al, 2002). As a consequence, metabolic and 
neuromuscular elements that are not directly implicated in the training stimulus 
are generally unaffected. Physiological adaptations observed following training 
are accordingly restricted primarily to the muscle groups trained (Kraemer et al, 
2002). Likewise upper-body and lower-body strength and power scores are not 
strongly related in elite team sports athletes with extensive whole body strength 
and power training experience (Baker & Nance, 1999a). 
2.3. Specificity of Testing 
Following a period of training the greatest degree of improvement is registered 
with the test modality that most closely matches the training movement 
(Morrissey et al, 1995). Isokinetic (constant limb velocity) strength gains 
following training are found not to be reflected by isoinertial (constant external 
load) strength tests. Conversely, strength gains following isoinertial training may 
not be expressed during isokinetic, or indeed isometric strength testing (Abernethy 
et al, 1995). It follows that testing must be specific to the movement patterns and 
velocity used in training in order to be sensitive to training-induced changes in 
muscle function. 
Testing must also be specific to functional performance of the athletic activity the 
athlete is training for (Murphy & Wilson, 1997). Fundamentally, training is aimed 
at improving functional performance. Tests of muscle function used to evaluate 
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the success of training often bear no relation to changes in functional performance 
(Murphy & Wilson, 1997). In a study by Murphy and Wilson (1997) isokinetic 
knee extension tests and dynamic isointertial squat jump scores registered no 
change despite concurrent improvements in maximum strength and sprint 
performance. These tests were therefore neither sensitive to the strength training 
modality or the functional performance it was designed to improve (Murphy & 
Wilson,, 1997). Similarly when tests are used to discriminate between players of 
different ability, the most game specific test tends to be the one that is given 
greatest credence. In basketball, the vertical jump test is shown to have the most 
consistent influence on playing time given to players of any athletic performance 
test (Hoffman et al, 1996). Specifically, superior performance on this test was 
positively associated with selection, resulting in greater amount of time on court 
for better perfortners. This is a reflection of the specificity and hence relevance to 
basketball performance of vertical jump testing. 
Test specificity also relates to the conditions under which tests of muscle function 
are measured. Impulse and Rate of Force Development are both highly related to 
speed-strength performance (Newton & Kraemer, 1994). However, when these 
factors are measured in static conditions using an isometric testing modality, they 
show no correlation to dynamic speed-strength performance (vertical jump height 
and work output) (Baker et al, 1994). This isometric measure of RFD likewise 
shows no change in response to either ballistic, plyometric, or strength-oriented 
lower body training, despite concurrent changes in measures of dynamic athletic 
performance (Wilson et al, 1993). Concentric RFD measured under isoinertial 
conditions (jump squat) appears to bear more relation to dynamic performance 
(Wilson et al, 1995). The concentric measure of RFD was shown to be capable of 
discriminating between good and poor performers on a sprint test, whereas the 
isometric RFD test was not. 
2.4. Specificity of Training 
The amount of muscle mass involved and overall exercise intensity dictate 
whether training responses are limited to peripheral adaptations, or if central 
cardiovascular changes take place (Millet et al, 2002). Metabolic specificity of 
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training adaptations also applies to the bioenergetics of the trammg activity. 
Training adaptations are specific to the energy systems utilised during training. 
Adaptations following purely anaerobic training are mainly restricted to increased 
anaerobic enzyme activity. Conversely continuous submaximal aerobic training is 
reflected in improved oxidative enzymes, whilst the anaerobic enzyme profile 
remains largely unchanged (Wilmore & Costill, 1999c). Depending on the format, 
interval training may stress both aerobic and anaerobic systems (Tabata et al 
1997). This training format can thus exhibit a combined training response, with 
adaptations in both aerobic and anaerobic performance measures (Gaiga & 
Docherty, 1995, Tabata et al, 1996). 
Adaptations to endurance training are largely independent of strength and power 
training responses. The contrasting physiological and endocrine responses to each 
training stimulus may in fact lead to interference effects with performance of the 
respective training (Leveritt & Abernethy, 1999). Concurrent specific endurance 
training can be incompatible with strength- and power-oriented training. A 
preceding bout of endurance exercise may compromise the ability to perform 
strength and power training (Leveritt & Abernethy, 1999). These short-term 
interference effects may result in compromised training responses. Development 
of anaerobic power appears to be particularly sensitive to interference effects 
associated with concurrent endurance training (Kraemer et al, 1995). 
Exercise-type specificity dictates that greatest improvements in dynamic strength 
are seen with dynamic training. Conversely, there is a trend towards greater 
isometric strength improvement in response to isometric rather than dynamic 
strength training (Morrissey et al, 1995). Strength training effects are similarly 
specific to muscle contraction type (concentric, eccentric, isometric) (Behm, 
1995). Consequently, superior strength adaptations are observed in the particular 
mode of contraction featured in training (Morrissey et al, 1995). 
Biomechanical specificity concerns both joint angles and range of motion (Stone 
et al, 2000). This is applicable both to dynamic and isometric training, with 
superior strength gains observed within the range of motion and at the joint angles 
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featured in training (Morrissey et al, 1995). Velocity specificity is exemplified by 
the tendency for strength gains to be restricted to the velocities at which the 
muscles were trained (Morrissey et al, 1995). There is some evidence that there is 
a greater degree of velocity specificity in training responses at higher velocity 
regions of the force/velocity curve (Morrissey et al, 1995). 
Mechanical specificity also extends to structural elements, such as posture and 
limb position (Baker et al, 1994, Stone et al, 2003b). Open versus closed kinetic 
chain describes whether the distal. portion of a limb is free moving or fixed during 
the training movement (Potach & Borden, 2000). Open kinetic chain exercises 
tend to feature single joint articulation, whereas closed kinetic chain training 
movements are typically multiple joint (Stone et al, 2000). Greatest strength 
responses are manifested during closed kinetic chain movements following closed 
kinetic chain training, whereas the opposite applies to open kinetic chain exercises 
(Stone, 2000). 
Mechanical specificity of testing is also evident in the relationship between 
unilateral and bilateral strength measures. The decisive factor is whether force 
production during training is unilateral (single limb) or bilateral (both limbs 
simultaneously) (Newton & Kraemer, 1994). Untrained individuals exhibit 
bilateral deficit so that maximum force during bilateral contractions is relatively 
less than the sum of forces for each limb working individually (Enoka, 1997). 
Differential motor unit activation is exhibited under bilateral and unilateral test 
conditions for the same test movement following bilateral squat training, which is 
reflected in greater bilateral force output (Baker et al, 1994). Consequently 
whether trained subjects exhibit bilateral deficit or facilitation depends on the 
conditions of force production during training. Specifically, cyclists who 
alternately exert force with each leg during training and competition exhibit 
greater overall strength when single-leg press scores are summed in comparison to 
their bilateral leg press score (Newton & Kraemer, 1994). Conversely, athletes for 
whom training is bilateral can exhibit bilateral facilitation. Hence, rowers' 
bilateral leg press scores are greater than the sum of their single leg press scores 
(Newton & Kraemer, 1994). Fatigue effects also appear to observe similar 
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specificity characteristics in ten-ns of unilateral versus bilateral force production. 
Subjects are shown to be more resistant to fatigue under bilateral conditions 
following bilateral training, which is not reflected under unilateral conditions 
(Enoka, 1997). The inverse applies following unilateral training. 
2.5. Transfer of Training Effect 
The degree of carry-over of training to competition is described in terms of 
transfer of training effect. Determining factors are the levels of mechanical and 
bioenergetic specificity of training in relation to competition. The probability of 
transfer to athletic performance is highly dependent on the degree to which 
training replicates athletic performance (Stone et al, 2000). 
Conditioning responses observe exercise mode specificity. The running and 
cycling training completed by elite triathletes are thus unrelated to their swim 
performance (Millet et al, 2002). This is reinforced by observations that improved 
performance measured via a swimming test mode following swim training was 
not reflected in scores on a treadmill test (Magel et al, 1975). In trained non- 
athletes, cross training (swimming) is likewise shown to be inferior to running 
training in improving running performance parameters, particularly running 
velocity at a reference blood lactate (4mM) threshold (Foster et al, 1997). 
Strength training adaptations similarly exhibit mechanical specificity. These 
considerations include direction and range of movement, type of muscle 
contraction, dynamics of the movement in terms of velocity and acceleration 
profiles, and the rate and duration of force development (Stone et al, 2000). In 
ten-ns of structural characteristics, closed kinetic chain exercises transfer more 
readily to athletic performance measures as they typically feature multi-joint 
movements. Closed kinetic chain free weights exercises also incorporate force 
transmission from the ground upwards, which again more closely resembles what 
occurs during athletic movements (Stone et al, 2000). 
Theoretically, from a kinetic and kinematic specificity viewpoint, the most 
functional fonn of training is to perfonn the actual movement(s) of the sport (Siff, 
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2002). However, this neglects the requisite element of overload to elicit a training 
response and ultimately improve performance. The solution would appear to be 
training modes that replicate the movement patterns of the sport to account for 
biomechanical specificity - but also incorporate the element of overload. 
2.6. Specificity of Psychological Aspects During Training 
Functional training describes the practice of imposing the requirements and 
constraints of performance during training to enhance transfer, in accordance with 
the principles of training specificity (Ives & Shelley, 2003). Physiological 
capabilities are manifested in a sports setting as part of co-ordinated and skilled 
movements during competition. A key consideration therefore is the context in 
which physiological training is performed (Siff, 2002). It follows that strength, 
power, and metabolic conditioning should therefore be trained in a manner that 
replicates not only sports movements but also psychological aspects of 
performance conditions. By extension of the functional training construct, 
cognitive and perceptual elements of performance conditions should also be 
accounted for in training (Ives & Shelley, 2003). In doing so, it is hypothesised 
that transfer of training effects may be enhanced. 
The principles of specificity therefore also apply to psychological aspects. Three 
crucial interrelated components that are identified as influencing training 
responses are mental effort, attention and intention (Ives & Shelley, 2003). There 
is preliminary evidence that incorporating practice-related cognitive strategies to 
account for these elements in physiological training leads to greater carry over of 
training effects to sports performance (Ives & Shelley, 2003). 
It has been shown that directed mental effort has the potential to directly affect the 
magnitude of training response. Conscious effort to exert maximal force has been 
found to significantly influence gains in strength and power. Greater gains in 
strength are manifested when subjects are specifically instructed to focus on 
maximally accelerating the barbell for every repetition, in comparison to when 
subjects are left to lift without specific instruction (Jones et al, 1999). 
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For athletes in team sports in particular, physical and mental capabilities are 
irrevocably linked. Attention is a key factor in perception-action coupling and 
superior decision-making of elite performers. Elite athletes attend to relevant cues 
from the competition environment and process them better as the basis for their 
movement responses (Ives & Shelley, 2003). During training and practices 
attention is also crucial to anticipatory responses and associated postural and 
motor control. The athlete's locus of attention, in terms of whether it is externally 
or internally focussed, similarly impacts upon motor learning and performance 
(Ives & Shelley, 2003). 
Intent is integral to neural factors associated with adaptations in high-velocity 
strength and rate of force development (Behm & Sale, 1993). Ballistic 
contractions are part pre-programmed by higher motor control centres, which 
includes a pre-movement silent period in agonist motor units in preparation for 
maximal recruitment (Behm, 1995). As a result, motor unit recruitment and firing 
patterns associated with ballistic training are in part dictated by what is anticipated 
prior to the movement (Behm, 1995). Resulting physiological adaptations are 
therefore specific to and partially determined by the intention and corresponding 
neuromuscular patterns during training (Ives & Shelley, 2003). Improvements in 
rate of force development typically associated with ballistic training can thus be 
manifested under static training conditions if the subject's intent during training is 
to lift the static resistance explosively (Behm & Sale, 1993). 
Functional training therefore not only aims to account for mechanical and 
metabolic specificity, but also create a training environment that features 
sufficient sport-specific constraints to appropriately shape training movement 
responses. It is suggested this approach may encourage more adaptive learning 
and likewise develop decision making (Ives & Shelley, 2003). Conversely, 
excessively restricting training either by mechanically fixing the planes and range 
of movement or through overtly prescriptive coaching intervention will tend to 
discourage development of directed mental effort, task specific attention, and 
sport-specific intent (Handford et al, 1997). Conducting physiological training in 
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isolation of the athletic performance the athlete is training for may similarly 
hinder transfer of training effects (Ives & Shelley, 2003). 
2.7. Specificity of Training in Relation to Training Experience and 
Athletic Status 
The extent to which specificity principles apply appears to vary according to the 
initial training status and degree of training experience of the individual. In 
untrained individuals, training specificity does not exert the same degree of 
influence. This is illustrated by the lack of training mode specificity in untrained 
subjects' endurance training responses (Millet et al, 2002). Untrained and 
recreationally trained individuals show transfer of endurance training responses to 
other exercise modes that do not occur in elite athletes. What limited cross 
training effects have been observed in athletes fall far short of the performance 
improvement elicited by mode-specific training (Millet et al, 2002). 
Similarly in the field of strength training, almost any training represents a novel 
stimulus to the untrained neuromuscular system. In untrained individuals an array 
of training effects are demonstrable, regardless of the nature of the training 
(Newton & Kraemer, 1994). As a consequence, a variety of training interventions 
will produce favourable adaptations in a given aspect of neuromuscular 
performance with untrained individuals (Newton et al, 1999, Kraemer et al, 2002). 
This again is not the case in advanced lifters and elite athletes. 
It is recognised that skill level and training experience influence the training 
parameters that will be effective in developing athletic performance (Cronin et al, 
2001). With increased training experience and progression in training status, 
exercise selection must be increasingly specific to elicit the desired response to 
train a particular property of the neuromuscular system (Newton & Kraemer, 
1994, Stone et al, 2003a). 
There is increasing evidence that the dose-response relationships with regard to 
volume, frequency and intensity of strength training are specific to the level of 
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training experience and athletic status of the individual (Rhea et al, 2003, Paterson 
et al, 2004). The optimal strength training prescriptions identified from meta- 
analyses of the respective strength training studies employing untrained, 
recreationally trained and athletic subjects differ markedly on all three of these 
training variables (Paterson et al, 2004). The trends in each training parameter 
between groups appear to form a continuum of optimal levels of volume, 
frequency, and intensity with progression in training experience and athletic 
status. 
In conclusion, specificity principles appear to have greatest relevance and 
application to elite athletes. The implications of this is that there is a 
corresponding need to gather data pertaining to the specific training responses of 
athletes on the basis that they do appear to be a special population. It is recognised 
that some compromise with regard to experimental design may be necessary to 
achieve this aim. 
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METABOLIC CONDITIONING 
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Overview 
The metabolic conditioning and resulting physical performance capacity of a team 
sports player serves a crucial role in defining and ultimately limiting their 
contribution to the game (Helgerud et al, 2001). It is reported that measures of 
fitness in team sports players are significantly related to distance covered in a 
game and the number of high-intensity efforts they attempt (Reilly, 1994). Level 
of fitness is also a critical factor in determining a player's ability to fulfil the 
specific demands imposed by the playing position. The capacity of players to 
retain their ability to perform bursts of high-intensity exertion is often crucial in 
deciding the result of a match (Reilly, 1997, Drust et el, 1998). 
It is acknowledged that sport-specific conditioning modes that replicate and 
overload physiological and kinematic conditions encountered during athletic 
performance are most effective for preparing athletes for competition (Deutsch et 
al, 1998). To satisfy training specificity, the format of conditioning for team sports 
players should aim to impose proportionate stresses on metabolic and 
physiological systems corresponding to those typically experienced during match- 
play (Taylor, 2004). 
3.1.1. Metabolic Conditioning for Multiple Sprint Sports 
Characteristically, physical exertion during team sports is of an intermittent 
nature, comprising sprints or phases of high-intensity effort. These bouts of 
intense activity are interspersed with periods of variable duration engaged in 
lower intensity locomotion, during which active recovery can take place. 
Metabolic demands thus alternate between energy provision for bouts of high- 
intensity work, and replenishing energy sources and restoring homeostasis during 
the intervals in between (Balsom et al, 1992). 
A study examining rugby has previously identified five hundred and sixty discrete 
activities during a seventy-minute age-grade match, affirming the intermittent 
nature of match play activity in rugby union football (Deutsch et al, 1998). 
Intermittent running performed under controlled conditions on a treadmill is 
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associated with greater physiological strain (reflected in higher ratings of 
perceived exertion and ventilatory responses) than exercise of the same average 
intensity performed continuously (Drust et al, 2000). This would necessitate a 
greater relative contribution of anaerobic metabolism to energy provision. 
A key aspect of metabolic conditioning is developing 'anaerobic capacity'. 
Developing this parameter of athletic performance is a primary objective of 
conditioning for team sports in order to ensure players are able to sustain power 
output and sprint performance for the duration of playing time. The ability to 
perform intermittent maximal intensity efforts is largely dependent on the relative 
capacity to recover ftom the prior work bouts (Balsom et al, 1992). Peripheral 
adaptations that support this include lactate handling, acid/base buffering, and 
high-energy phosphate (phosphocreatine and ATP) resynthesis (Balsom et al, 
1992, Bell et al. 1997). 
Anaerobic capacity can be functionally assessed by the player's ability to sustain 
repeated high intensity bouts of exertion with given rest intervals. A 'fatigue 
index' score is generally used to measure this parameter, expressed as percentage 
drop-off in sprint times or power output with progression of a fixed number of 
intervals (Quarrie et al, 1995). Despite the importance of this capability, it has 
been highlighted recently that there is a lack of data pertaining to this capacity in 
team sports players in general and rugby football players in particular, especially 
at elite level (Duthie et al, 2003). 
It has been shown that a conditioning stimulus needs to exceed a threshold 
intensity in order to have a measurable effect on anaerobic capacity, despite 
marked concurrent improvements in measures of aerobic performance (Tabata et 
al, 1996). This is most often achieved via an intermittent or interval framework, 
whereby high-intensity phases are interspersed with active or passive rest periods. 
It has been suggested previously for rugby union football that the role of aerobic 
metabolism is limited to rest periods during stoppages between periods of activity. 
Some authors have inferred that aerobic fitness is of lesser relative importance 
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based upon the comparatively lower aerobic power scores reported for rugby 
union players (Duthie et al, 2003). However, repeated sprint exercise features a 
significant aerobic contribution to energy production. Aerobic sources contribute 
a major portion of the energy during subsequent sets following the first sprint, 
increasing from 31% in the first 3 O-s sprint in a set to almost 5 0% in the second, 
even with four minutes recovery between sprints (Bogdanis et al, 1996). This 
appears to offset losses in power output resulting from reduced capacity for 
anaerobic energy production. A relationship has been identified between oxidative 
capacity of muscle and ability to resynthesise phosphocreatine (PCr), which is the 
key energy source for brief maximal efforts (Bogdanis et al, 1996). This is 
reinforced by the observation a measure of aerobic endurance, specifically 
running velocity at a reference lactate threshold value (typically 4mM blood 
lactate), shows strong relationships to PCr resynthesis. This in turn is manifested 
in recovery of power output during the early portion of consecutive sprints 
observed in recreationally trained subjects. Accordingly, PCr resynthesis 
capabilities can be improved by endurance training (Bogdanis et al, 1996). 
3.1.2. Format of Metabolic Conditioning for Repeated Sprint Performance 
Investigations of interval (multiple sprint) training protocols have found aerobic 
and anaerobic systems are taxed to a different relative extent depending on the 
length of sprint and recovery phases employed (Tabata et al, 1997). Appropriate 
recovery interval length is that which provides sufficient physiological stimulus to 
develop aerobic-anaerobic endurance whilst avoiding accumulation of excessive 
lactate and compromised work output (Vuorimaa & Karvonen, 1988). Training of 
this type elevates the relative exercise intensity the athlete is able to sustain for 
extended periods. This parameter is typically measured in terms of running 
velocity at a reference threshold value of blood lactate (Jones & Carter, 2000). 
Training can develop this component independently of changes in aerobic power 
(V02 max). These specific adaptations are attributed to peripheral adaptations 
associated with improvements in lactate handling (Jones & Carter, 2000). In 
addition, continuous or intermittent exercise at threshold intensity is shown to be 
similarly effective in developing this measure of endurance fitness (Jones & 
Carter, 2000). The relative work output an athlete can sustain may be more 
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relevant to endurance for intermittent team sports such as rugby football than 
absolute aerobic power, which may explain the relatively modestV02max scores 
of rugby football players. IndeedVO2max was shown to be unrelated to metabolic 
recovery measures during an intermittent exercise bout in endurance trained 
athletes (Bell et al, 1997). 
It has been identified that an appropriately structured intermittent high-intensity 
exercise protocol may have the potential to simultaneously stress both aerobic and 
anaerobic systems almost maximally (Tabata et al 1997). Accordingly high- 
intensity interval exercise has been shown to elicit significant concurrent 
improvement in both aerobic power (V02max) and a selection of anaerobic 
capacity and intermittent exercise performance measures (Gaiga & Docherty, 
1995, Tabata et al. 1996). 
Exercise economy is identified as a key component of endurance fitness (Jones & 
Carter, 2000). Improvements in the efficiency of locomotion and movement 
during athletic performance can therefore influence endurance levels during 
competition conditions. Neuromuscular control and motor patterns used in 
training are therefore of crucial importance. This may partly account for the 
exercise mode-specific effects observed with endurance training. In runners 
improvements in exercise economy are observed to be greatest at the running 
velocity at which the athlete habitually trains (Jones & Carter, 2000). It follows 
that metabolic conditioning for team sports athletes should similarly replicate 
patterns of locomotion and movements encountered during matches to develop 
this exercise economy component of endurance. Improvements in movement 
efficiency are particularly key for the unorthodox forms of locomotion performed 
during games (Reilly, 1994). 
Accordingly, high-intensity intermittent training is shown to improve 
cardiorespiratory fitness parameters and measures of performance in team sports 
athletes. (Helgerud et al, 2001). Increases in aerobic power, lactate threshold and 
running economy observed in junior elite soccer players following training were 
manifested in concurrent improvements in performance measures. Significant 
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increases were observed in distance covered in a match, average work intensity in 
both halves of play, number of sprints and frequency of involvement in play 
(Helgerud et al, 2001). 
3.1.3. Special Endurance Approach to Metabolic Conditioning 
The 'special endurance' training forinat models training upon workloads and 
activity profiles observed during competition (Plisk & Gambetta, 1997, Plisk, 
2000). These methods give recognition to the interrelationship between energy 
systems during competition. Energy systems are thus trained in combination, 
according to the bioenergetics of competition. In the case of intermittent activity 
sports, the effort distribution upon which conditioning is modelled is defined in 
terms of work: rest ratios observed from match play (Plisk, 2000). This has been 
terined 'tactical modelling' (Plisk & Gambetta, 1997). 
Proposed advantages of this conditioning format include greater time efficiency, 
as skill practice is incorporated into metabolic conditioning (Plisk & Gambetta, 
1997). This is favourable from a coaching point of view in the sense that game- 
related skills are executed in simulated game conditions. The game-oriented 
nature of this is also postulated to be advantageous in that it is likely to engender 
greater motivation and enhanced training compliance among athletes (Plisk & 
Gambetta, 1997). 
The special conditioning approach for team sports was originally developed in 
American football. This sport is highly structured with the ball only being live for 
brief periods until the player in possession of the ball is tackled or the ball goes 
out of play, at which time there are extended stoppages until play restarts. 
Application of this fonnat to more continuous team sports featuring more variable 
patterns of activity, such as rugby football, may be more problematic. 
Physiological Characteristics of Team Sports Athletes 
Evaluation of physiological profiles of elite athletes has become an established 
area of study as a means to infer the physiological demands that are characteristic 
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of the particular sport. Scores on batteries of anthropometric, physiological, and 
performance tests have been used to detail physical performance characteristics of 
match-Play, notably in soccer (Bangsbo, 1998, Reilly et al, 2000) and indeed 
rugby union (Quarrie et al, 1995, Quarrie et al, 1996). The rationale for this 
approach is that players must possess certain physical capacities to compete at 
elite level. This practice similarly works on the assumption that athletes will have 
undergone specific adaptations in response to the rigours and physiological 
stimuli provided by match-play, and these will be manifested particularly in elite 
level players. However, it has been shown that typical physiological performance 
test measures give little indication of capacity to perform repetitive sprint exercise 
(a key aspect of match-play) in an endurance trained population (Bell et al, 1997). 
Anthropometric and physiological test profiling can thus offer only limited insight 
into the energetic demands associated with competition; mainly highlighting 
trends associated with player position groupings (within large inter-individual 
variation) and differences between playing levels on particular parameters. 
One key effect highlighted by these studies is the greater insight offered by more 
game-specific (generally field-based) tests. This is evidenced by the observation 
that the relative performance of individual positional groups in teams sports can 
differ as a consequence of the protocol used, which in turn is influenced by 
whether the test is conducted on a treadmill or in the field. For example, in a 
report of professional soccer players in Denmark (Bangsbo, 1998), central 
defenders exhibited significantly better performance than strikers in an 
intermittent field test incorporating game activities (utility movements, turns, 
accelerations and decelerations). The direct opposite outcome was observed when 
the same groups undertook a continuous treadmill test at a fixed blood lactate 
concentration, with the central defenders scoring significantly worse than the 
strikers (Bangsbo, 1998). This effect emphasises the importance of specificity of 
testing when assessing performance capacity in team sports players. However, as 
stated by Bangsbo (1998) and Reilly et al (2000), the multifactorial requirements 
entailed by match-play in team sports such as soccer and rugby football means 
that no single measure gives an accurate representation of physical performance 
demands associated with competition. 
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Simulations of match-play activities performed in series are similarly limited in 
terms of the insight they can offer. As with all physiological performance tests, 
there is inevitably a trade-off between imposing controlled test conditions and 
accurately replicating exertion levels and activity profiles performed in 
competition. Treadmill simulations have been devised for intermittent team sports 
such as soccer (Drust et al, 2000). However, protocols of this type necessarily 
exclude 'utility' locomotive movements (lateral and backwards running) and 
game-related activities, both of which are key elements of match play. Similar 
restrictions imposed by the test apparatus preclude such tests from replicating the 
frequency of transitions between discrete activities observed during competition. 
These again represent a fundamental aspect of match-Play exertion. Such 
omissions limit the insight offered by such studies into performance conditions 
encountered during competitive matches (Drust et al, 2000). 
Field tests incorporating game activities may provide a means to measure the 
specific ability of players in different positions in the team or different playing 
standards to perform match-specific fitness drills. However, they do not offer any 
quantitative insight into the physiological demands of competition per se. 
3.1.5. Evaluating Bioenergetics of Team Sports during Competition 
Attempts to quantify demands of team sports as a basis upon which to model 
sport-specific conditioning practices frequently feature time-motion based 
analysis of players' movements during match play. Distance covered during the 
course of a match is commonly used as a global measure of energy expenditure 
and physiological demand (Reilly, 1994). However, it is notoriously difficult to 
evaluate physiological stresses associated with intermittent sports by such indirect 
estimation. 
Time-motion analysis does provide a means to document the types of activity 
players engage in during a match (Duthie et al, 2003). However, intermittent 
sports have been shown to have energetic demands far in excess of those that 
would be predicted from covering the same distance continuously (Drust et al 
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2000). The frequent changes in direction and velocity of movement that are 
characteristic of intermittent sports require inertia to be repeatedly overcome. 
These repeated accelerations and decelerations represent added metabolic 
demands placed on the player (Wilkins et al, 1991). Effectively, the patterns of 
transitions between movement phases are of similar importance to the individual 
component activities themselves. 
Time-motion studies show that unorthodox (sideways and backwards) modes of 
locomotion feature prominently in team sports, with certain playing positions 
having a particular emphasis on these modes of locomotion (Reilly, 1994, Rienzi 
et al. 1999, Duthie et al, 2003). These movements involve energy demands in 
excess of conventional running (Reilly, 1997). This added physiological cost rises 
disproportionately with increases in speed of movement (Reilly, 1994). Game- 
related activities similarly impose considerably higher energy expenditure than 
running (Reilly, 1994, Reilly, 1997). Both of these factors compound the 
underestimation of physiological cost of match play for team sports from indirect 
observation and time-motion analysis. 
It follows that accurate assessment of exertion levels requires players to be 
directly monitored during game-play. Estimations based on individual component 
activities in isolation will significantly underestimate physiological stresses 
imposed on players, and thereby give a false indication of the metabolic pathways 
implicated in real game situations. 
The consensus is that assessment of energetic demands in team sports must 
feature sampling of markers of physiological stress under performance conditions 
(Reilly, 1994, Reilly, 1997, Duthie et al, 2003). There have been numerous 
attempts to analyse activity patterns by some form of direct monitoring in a range 
of team sports, including basketball (McInnes et al, 1995), field hockey (Boyle et 
al, 1994), ice hockey (Green et al, 1976), football (Ali & Farrally, 1991, Bangsbo 
et al, 1991), and netball (Woolford & Angove, 1991). As a consequence of the 
methodological issues and impracticality of sampling expired air to assess energy 
expenditure directly studies typically use heart rate (HR) or blood lactate 
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concentration [BLa] as the physiological marker (Reilly, 1994). Despite 
technological advances, gas analysis apparatus will inevitably restrict players' 
movements and interfere with match play, and certainly would not be safe for 
contact sports such as rugby football 
McInnes et al (1995) examined physiological responses during match-play in 
basketball, observed through continuous recording of heart rate and discrete 
sampling of blood lactate. This was accompanied by time-motion analysis of 
video recordings to discern players' movement patterns. A large number of 
discrete movements were identified, typically lasting less than three seconds. 
Elevated HR and [BLa] values were observed, despite the fact that only 15% of 
total 'live time' was spent in activities classified as 'high-intensity'. This 
emphasises the additional physiological cost demanded by changes in velocity and 
direction of movement involved in transitions between activities and phases of 
game-play. 
Studies of this type have reported significant differences in relative time spent in 
different modes of activity and work-rate patterns between different positions in a 
team. This has been identified as being the case in sports as diverse as ice hockey 
(Green et al, 1976), soccer (Ali & Farrally, 1991, Bangsbo et al, 1991) and netball 
(Woolford & Angove, 1991). Monitoring HR has also allowed investigators to 
cross-reference patterns of training intensities with exertion profiles obtained from 
game situations in a variety of team sports. Recent studies of this type have often 
concluded that team conditioning sessions should take more account of the 
observed differences in positional demands. Hence, it has frequently been 
recommended that the structure of metabolic conditioning should allocate 
different emphasis appropriate to each player position grouping 
(Defence/Midfield/Attack). In effect, this consideration is merely a logical 
extension of sport specific conditioning, and the replication (and overload) of 
ýphysiological performance conditions' (Deutsch et al, 1998) for each player. 
The validity of the use of blood lactate [BLa] as the physiological indicator of 
exertion levels in intennittent team sports has been questioned by Bangsbo (199 1) 
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in his studies investigating top-level soccer in Scandinavia. Like rugby football, 
soccer is a team game of an intermittent nature, featuring a vast range of discrete 
game-related movements, and regular transitions between these activity phases. 
The main argument against [BLa] as an index of exertion levels during 
competitive matches, as stated by Bangsbo (1991), is the dynamic nature of 
lactate as a metabolite. Blood lactate levels are essentially determined by relative 
rates of production, release, uptake and removal. A consequence of this is that 
single blood samples merely give a snap-shot of the type of activity performed in 
the interval immediately prior to when the sample was taken. Concentrations of 
blood lactate are commonly used to indicate contribution of anaerobic glycolysis 
to energy production (Coutts et al, 2003). However, beyond establishing the role 
of anaerobic metabolism in match-play exertion, sporadic determination of BLa is 
of little value in profiling activity or intensity patterns across an entire match. 
Theoretically, serial measurements may better reflect shifts in intensity of exertion 
throughout a game, but the frequency of sampling required would be unfeasible 
during a competitive match. 
In addition to the methodological issues outlined, the relevance of absolute BLa 
concentrations must be questioned. The highest workload that can be sustained 
without accumulation of [BLa] is termed Maximal Lactate Steady State (MLSS) 
(Billat et al, 2003). Classically, this has been taken to correspond to a lactate value 
of 4 mmol. 1-1. This 4 mmol. 1-1 concentration of BLa has traditionally been widely 
used to denote the onset of blood lactate accumulation (OBLA) (Wilmore & 
Costill, 1999). However, recently it has been documented that the actual 
concentration of BLa that corresponds to this MLSS workload varies widely 
between individuals, falling between a broad range of values between 2 mmol. 1-1 
and 8 mmol. 1-1 (Billat et al, 2003). This 4 mmol. 1-1 OBLA value is thus an 
arbitrary figure, which bears little resemblance to the actual MLSS value of [BLa] 
for many individuals. Comparisons of absolute values of [BLa] sampled within 
and between studies would also appear spurious without the appropriate reference 
MLSS [BLa] values for subjects. 
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Assessments of the demands of game-play have thus tended to favour HR 
monitoring as the most reliable and practical indicator of physiological strain or 
energy expenditure (Boyle et al, 1994). This has frequently been coupled with 
notational analysis of accompanying match footage. The consensus in the 
literature is that the influence on match play HR of psychological stress is largely 
nullified under the conditions of moderate-high intensity activity employing large 
muscle mass experienced during intermittent team sports, such as rugby football 
(Bangsbo, 1994, McInnes et al, 1995). HR profiling is well established as an 
objective measure of physiological stress. Furthermore, relative HR has been used 
to indicate proportionate stresses on metabolic systems; threshold percentage 
HRmax or HR Reserve (deficit between HRmax and resting HR) (%HRR) values 
have been used as correlates for transitions between metabolic systems mobilised 
with increments in intensity level. Specifically, 75% HRmax has been taken to 
correspond to athletes' 'Lactate Threshold' (the point at which anaerobic 
glycolysis begins to make a significant contribution to energy provision), and 
'Individual Anaerobic Threshold' (the point at which anaerobic metabolism 
becomes the dominant source of energy production) has been identified as 
occurring around 85%-92%HRmax (Woolford & Angove, 1991). 
From these investigations it appears that intermittent team sports have certain 
energetic requirements in common. The unorthodox forms of locomotion, 
frequent transitions in direction, velocity and mode of movement, and demands 
involved in performing game-related activities lead to energetic requirements in 
excess of those associated with more orthodox running-type exertion covering the 
same amount of ground. Consequently, intermittent team sports players are 
required to operate at a high percentage of their HRmax for extended periods. 
Similarly, studies of field team sports tend to characterise 'off the ball' activity 
(representing the majority of game time) as being in the main aerobic, 
emphasising the importance of a strong aerobic base. Conversely, the more critical 
moments, which ultimately decide the outcome of the match, that involve bursts 
of pace to allow players to be available to cover or defend scoring opportunities 
and phases when directly involved in play, tend to be predominantly anaerobic 
(Reilly et al, 2000). 
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3.1.6. Quantifying Physiological Demands of Match Play in Rugby Football 
The contact nature of the sport of rugby football has tended to preclude direct 
measurement of physiological responses during game play (Duthie et al, 2003). A 
consequence of this failure to objectively define the specific demands of match 
play in rugby union is that training specificity has frequently been neglected in the 
design of conditioning regimes for players at all levels. 
Of the few studies focusing directly on the sport of rugby union, the dominant 
contemporary research has focused mainly on time-motion analysis from video 
footage, anthropometric assessment of players, and sporadic blood lactate 
measurement. The majority of the documented research on demands and 
characteristics of the top-level rugby union in the Northern Hemisphere predates 
the recent advent of professionalism in 1996 (Reid & Williams, 1974, Morton, 
1978), which has brought widely reported changes in styles of play (Duthie et al, 
2003). As a cýonsequence of this progression there will likely have been significant 
changes in terms of associated demands on specific fitness components. This in 
turn limits the relevance of previous data and underlines the need for 
contemporary analysis of rugby union at elite level (Duthie et al, 2003). 
Of these earlier studies, possibly one the major developments in terms of scientific 
study of rugby union have been the use of 'Work: Rest' ratios to express patterns 
of game intensities (McLean, 1992). McLean's time-motion analysis of edited 
footage from the 1988-89 Five Nations' tournament reported the majority of 
Work: Rest ratios as being between 1: 1 and 1: 1.9, of which 63% of the time rest 
intervals following periods of exertion were of longer duration than the work 
phase. The protocol used did not discriminate between playing position, or even 
individual players - the study merely monitored the activity of any player central 
to the action in the videotape footage at any given time. Consequently, as the 
author acknowledged, the findings presented may tend to misrepresent 
(specifically, overestimate) activity patterns for certain playing positions in the 
group sampled. 
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Another early study identified differences in type, intensity and relative frequency 
of match-play activities between two positional groupings within a rugby team. 
Docherty et al (1988) examined only two positions - Prop and Centre, chosen 
because of the obvious differences between their respective roles. Briefly, the 
prop's primary function is to compete for possession in set-pieces and at each 
tackle. The centre, on the other hand, is primarily concerned with defending the 
4gain-line' in midfield and carrying the ball forward when his team are in 
possession. Accordingly, Docherty et al found that the props they assessed spent 
relatively more time in non-running (predominantly upper-body) exertion, 
whereas the centres were found to engage in more intense running. It should be 
reiterated however, that styles of play have changed considerably in the 
intervening decade, with a greater overlap in duties across forward and back 
positions. That said, more recent match analyses assessing age-grade players have 
reported that the forward positions still typically engage in significantly more 
(upper-body intensive) rucks and mauls than the backs positions they followed 
(Deutsch et al, 1998). This suggestion of differences in mode and intensity of 
activity between playing positions has potentially crucial consequences for team 
conditioning. 
Both these earlier studies also reported blood lactate concentrations. McLean 
(1992) sampled blood lactates during extended stoppages in play in Scottish First 
Division matches, from which peak values of 5.8-9.8 mmol. 1-1 were recorded. 
This finding is at odds with the significantly lower levels of BLa (mean values 2.8 
mmol. 1-1) taken from players competing in first division and representative 
matches by Docherty et al (1988). However, crucially there were significant 
differences in sampling procedures - specifically the times at which the samples 
were taken. McLean's blood lactate measurements were taken during matches, 
whereas Docherty et al merely collected samples 5-10 minutes after the end of 
matches. Hence, the figures reported by McLean (1992) would appear to reflect 
better the conditions experienced during competitive matches. 
In recent years there have been renewed attempts to assess physiological demands 
of game-play in both codes of rugby. Brewer and Davis (1995) summarised the 
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major findings of research into physiological demands in rugby league. These 
included a breakdown, by time-motion analysis, of mean distances covered and 
relative time spent in specific match play activities of four key positions on the 
team (Prop, Hooker, Half-back, and Wing) in matches between premier Australian 
rugby league sides. Also examined were modes of locomotion players engaged in 
during certain phases of the game, such as receiving a pass, making a tackle, 
taking a tackle. The authors identified that high-intensity upper and lower body 
exertion involved in sprinting and collision phases places significant demands on 
anaerobic metabolism, in addition to the more constant aerobic activity featured in 
the game. This is in broad agreement with findings from other field team sports. 
The authors concluded further research into the specific demands of match play 
was required, with particular reference to playing position (Brewer & Davis, 
1995). It was noted that a fundamental rule change in 1994, requiring the 
defending side (with the exception of two 'markers') to retire ten metres from 
after each tackle is completed, represents a substantial demand in excess of the 
values reported in this review. However, the conclusion of the authors that the 
objective of conditioning should be to stress both aerobic and anaerobic endurance 
capacities whilst incorporating match play activities still has merit. 
Coutts et al (2003) examined physiological responses in semi professional rugby 
league players after the advent of the 'ten metre defensive rule'. During a 
competitive match HR was sampled continuously and BLa samples taken. Energy 
expenditure was calculated from HR recorded, based on HR-V02 relationships 
determined from players' maximal treadmill test. There was no corresponding 
analysis of activity profiles of the players sampled. On the basis of average HR 
recorded and proportion of time spent in moderate and high-intensity HR zones, 
combined with the elevated [BLa] values sampled, the authors concluded that 
contemporary rugby league at semi professional level imposes significant 
demands on both aerobic and anaerobic metabolism. Elevated BLa concentrations 
were recorded, however samples were taken during stoppages in play following 
scores by either team. This was acknowledged to be a factor in the level of 
activity immediately preceding the sample, which could influence the result and 
hence may not be totally representative of general play. The HR data reported 
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indicated greater time spent in high-intensity HR zones in comparison to those 
recorded previously for junior elite level players. This suggests that higher 
exercise intensity is encountered at higher levels of competition in rugby league. 
The high estimated energy expenditure observed in the study indicated greater 
metabolic demand in comparison to other field sports This was attributed to the 
larger body mass, combined with the added element of physical contact and 
associated upper body exertion featured in rugby league. Summarising their 
findings, the authors identified that the main objectives of conditioning for rugby 
league players should be enhancing endurance fitness and lactate tolerance. 
There is, albeit limited, contemporary research in rugby union which has assessed 
both the seven-a-side and full fifteen-a-side game. Quarrie et al (1995,1996) 
profiled anthropometric characteristics and physical performance test scores in 
'senior A' club players in New Zealand. Significant differences were reported for 
height, weight and somatotype, as well as selected physical performance measures 
between the combined 'Forwards' and 'Backs' positions. Differences were also 
observed on certain measures between positional categories within these broad 
groups. However, as mentioned previously, observational studies of this type offer 
very little direct information about physiological demands of competition, 
particularly as comparisons were often made between combinations of positional 
groupings, to boost statistical significance. In a broadly similar study examining 
the seven-a-side game, Rienzi et al (1999) presented an analysis of anthropometric 
characteristics, this time coupled with time-motion data, assessing players 
competing in an international rugby 'Sevens' tournament. The authors went on to 
examine whether there was any correlation between players' scores and results in 
matches. Nothing approaching significance level was found. 
A major recent advance was the collection of physiological responses and 
kinematic data in elite Australian 'Colts' (Under-19) rugby union matches by 
Deustch et al (1998). This was the first study of its kind to record heart rates of 
rugby union players during competitive matches and relate physiological 
responses to time-motion analysis. This work was facilitated by advances in 
monitoring technology, also aided by the growing trend in the use of under-kit 
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protective padding. Considerable time was reported in the higher intensity 
%HRmax zones, which would appear to corroborate the significant contribution 
of anaerobic metabolism to match-play exertion. The times spent in moderate and 
high-intensity HR zones were broadly similar to those reported for semi- 
professional rugby league players (Coutts et al, 2003). Recorded blood lactate 
[BLa] values sampled periodically during extended stoppages in play were also 
comparable to those for rugby league (Coutts et al, 2003), and were similarly 
elevated to those reported by McLean (1992). This appears to verify that rugby 
union match-play exertion does indeed include a significant contribution from 
anaerobic glycolysis. The data also suggests that the low values of [BLa] reported 
by Docherty et al (19 8 8) were indeed an artefact of the manner in which they were 
sampled (5 -10 min post-match). 
Importantly, Deutsch et al (1998) also differentiated by playing position in their 
analysis of players' data. The authors divided the forward positions into 'Front 
row' (Props and Locks) and 'Back-row' (Flankers and Number 8) categories, and 
backs into 'Inside backs' (Fly-half and Centres) and 'Outside backs' (Full-back 
and Wings). The breakdown by positional group highlighted the significant 
variation in frequency of high-intensity exertion across positions, expressed both 
in terms of relative time spent in higher intensity %HRmax zones and Work: Rest 
ratios derived from the respective position's activity profiles. Specifically, the 
time spent in the 'high-intensity' zone (85-95% HRmax) by the forward positions 
was significantly greater (Props & Locks 58.4%; Back-row 56.2%) than the 
corresponding values for the backs groupings (Inside backs 40.5%; Outside backs 
33.9%). This suggests that forwards were required to work more continuously 
than the back positions in the matches recorded. Work: Rest ratios reported for the 
combined forwards (1: 1.4) categories were significantly higher than that reported 
for the backs groupings (1: 2.7). The magnitude of this difference was greater still 
when 'Back-row' and 'Outside backs' were compared (1: 1.2 vs. 1: 3.6). The other 
major positional difference identified was the greater time spent in utility 
(sideways and backwards) locomotion by the back positions. 
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The significant differences between positional categories suggest a need for more 
comprehensive, position-specific examination of patterns of exertion in match- 
play. Investigation coupling heart rate profiles recorded from players with 
notational analysis of accompanying game footage has the potential to elucidate 
the specific metabolic demands for different playing positions competing in 
contemporary rugby at elite level. 
3.1.7. Attempts to Quantify Bioenergetic Demands Imposed Upon Elite 
Players 
Pilot trials were undertaken for the present thesis in an attempt to evaluate 
physiological and kinematic demands employing a combination of heart rate 
telemetry and video analysis. A software program was written for the purpose. 
This logged the player and mode of activity, categorised as standing, walking, 
jogging, striding, sprinting, utility (sideways or backwards locomotion), upper 
body static and upper-body dynamic activity. Elapsed time engaged in activity 
could thereby be recorded alongside HR values for the period, taken from the 
player's HR trace. Pilot trials were undertaken for Under-21 matches and two 
senior preseason warm-up matches, sampling players in a variety of playing 
positions. 
Ultimately these attempts proved to be undermined by methodological constraints, 
and the inherently variable nature of rugby union match play. Even given the 
technological advance allowing the HR telemetry apparatus to be integrated 
within a sensor strap, players remained reluctant to wear the monitoring 
equipment during competitive matches. Of those that did, some did so without any 
complaint but others found the kit uncomfortable and distracting. There were also 
reports of abrasions and bruising when they took contact around the sternum area 
where the sensor strap was worn, despite players wearing padding. Furthermore, 
the early data was so variable that it became apparent that it would take a massive 
number of games to be sampled for players in a range of positions to draw any 
definitive conclusions regarding specific demands of match play and how they 
34 
vary according to playing position. On this basis this area, of study was abandoned 
for the present thesis. 
There are a myriad of factors that influence the pattern of play and hence nature, 
frequency, duration and density (with respect to time) of activities players are 
required to perform (Duthie et al, 2003). The strength and style of play of the 
opposition will inevitably be a major influence, both in terms of the opposition's 
game plan when in possession and the tactics employed against them. For 
example, if they favour a kicking game, the time during which the ball is in play 
will be less and passages of play in defence will be shorter than against a team 
who keeps possession and looks to keep the ball in play. These considerations will 
similarly be affected by the officiating styles and environmental conditions 
(Duthie et al, 2003). As a consequence of the highly technical nature of rugby 
union, the referee has a major bearing on the format the game takes in terms of 
number of stoppages and duration of phases of play. Similarly, environmental 
conditions will influence tactics and the errors committed by both sides, which 
will in turn influence the pattern and mode of activity players will be engaged in. 
Thus, there is significant variation not only within a match but also between 
consecutive games (Duthie et al, 2003). 
Notwithstanding the difficulties outlined in gathering data pertaining to the global 
demands of match play as they relate to a team, individual roles of particular 
playing positions within a team are also quite diverse (Duthie et al, 2003). In 
addition, as rugby union teams become more structured in terms of the game plan 
they employ, individual positions are given more defined roles for each aspect of 
attacking and defensive play. Precise roles of the respective playing positions 
therefore vary between teams, depending on their particular structured game plan, 
and associated roles allocated to players in different positions. 
A significant volume of data would therefore appear to be required to overcome 
the inherent variability within and between games to establish an accurate 
assessment of demands during competition that are representative for a particular 
team. This demand is multiplied several fold if the aim is to gather a complete 
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picture of the associated demands for individual playing positions within that 
team. In the absence of such data, alternative methods of sport-specific 
conditioning for rugby union football must be explored. 
3.1.8. A Novel Conditioning Format for Elite-level Rugby Union Football 
As outlined there are significant methodological issues that compound the 
inherent difficulty in collecting data upon which to quantify demands of elite-level 
rugby union. The complexities and inherent variability of the sport renders efforts 
to design conditioning drills to simulate match conditions all the more difficult 
(Gabbett, 2002). Aside from these considerations, Dave Reddin (English Rugby 
Football Union Strength & Conditioning Head Coach) expressed his position that 
it would not be sufficient to simulate match play demands (personal 
communication). Rather, to improve metabolic conditioning levels of players, 
overload would be required in terms of intensity, frequency, duration and density 
of specific activities demanded in match play. 
An effective alternative conditioning format would provide appropriate overload 
by operating at the extremes of frequency, duration and intensity of activity levels 
a player could expect to experience during a competitive match. A possible 
solution is the skill-based conditioning games approach. This training format has 
been used to simulate the various game-related movements and intermittent nature 
of rugby league with some success (Gabbett, 2002). In addition, this form of 
metabolic conditioning is associated with lower injury incidence rates, in 
comparison to other forms of training. The reduced injury rates reported when 
engaged in skill-based conditioning games was in contrast to traditional 
conditioning without any skill element, which featured by the far the highest 
incidence of injury (Gabbett, 2002). The application of this approach to metabolic 
conditioning is to be determined for elite level rugby union football. 
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A Skill-based Conditioning Games Approach to Metabolic 
Conditioning for Elite Rugby Football Players 
3.2.1. Introduction 
Over the past twenty years, sport scientists have reached consensus that the most 
effective mode of training to prepare an athlete for competition is that which most 
closely replicates competitive performance conditions (Daniels, 2001, Durstine & 
Davis, 2001 , Wilmore & Costill, 1999). Sport-specific conditioning methods that 
incorporate skills and movements specific to the sport are increasingly 
implemented, with the aim of simulating the movement patterns and metabolic 
conditions encountered during competition (Lawson, 2001, Meir et al, 2001). An 
extension of this is the Tactical Metabolic Training (TMT) forinat, which 
comprises performing set plays modelled upon match-play scenarios, coupled 
with work: rest ratios derived from tactical evaluation of real or 'ideal' match 
sequences (Plisk & Gambetta, 1997, Plisk, 2000). This is a corollary of the race- 
event training strategies employed in athletics, whereby series of target training 
paces are set, based on desired or achieved competition performance. 
The TMT approach has typically only been applied to relatively structured team 
sports, notably American football (Plisk & Gambetta, 1997). Aside from the 
practical difficulties of implementing this approach in the more variable and 
continuous sport of rugby football, there is an absence of requisite data from elite- 
level competition. A further challenge for strength and conditioning coaches 
working with rugby football players is providing metabolic conditioning in the 
limited time allowed by the concurrent high volumes of team practices and other 
forms of training, particularly resistance training, players are required to complete. 
A novel approach that encompasses both movement and context specificity and 
is 
highly time-efficient involves the use of skill-based conditioning games. These 
comprise purpose-designed games featuring modified playing areas and rules, 
which allow training intensity to be manipulated 
(Hoff et al, 2002, Jeffreys, 2004). 
Skill-based conditioning games are by definition less structured and conducted in 
a more open and random setting than the 
discrete drills, or simulated plays used 
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under the tactical metabolic conditioning format. The skill and competition 
elements that are the key features of skill-based conditioning games are suggested 
to promote enhanced effort and greater compliance, which will in turn be 
manifested in increased training intensity (Gabbett, 2002, Jeffreys, 2004). 
Training using such an inherently unstructured format as conditioning games 
requires some objective marker to evaluate the work rates of individual players. 
Heart rate (HR) monitoring is extensively used as the most effective and practical 
means to objectively monitor intensity during a training session (Potteiger & 
Evans, 1995), and quantify training loads in the athlete's weekly training log 
(Gilman & Wells, 1993). HR monitoring therefore would appear a crucial adjunct 
to the skill-based conditioning games approach, as a tool to quantify intensity in 
the conditioning game setting. In addition, HR monitoring offers a basis to assess 
cardiorespiratory fitness, via measurement of cardiorespiratory responses during 
and immediately following a standardised work bout (McConnell, 2001, Wilmore 
& Costill,, 1999). Crucially, the use of HR to monitor exercise intensity has also 
been validated against direct measurement of ventilatory responses during small- 
sided conditioning games in soccer players (Hoff et al, 2002). 
The latter study by Hoff et al (2002) concluded that small-sided games fulfilled 
the criteria to be an effective means of interval training for soccer players, on the 
basis of HR and respiratory responses directly recorded during training. However, 
to date no study has examined chronic cardiorespiratory adaptations associated 
with skill-based conditioning games. There are also no published data recording 
training responses of elite-level rugby union football players. 
To assess the efficacy of skill-based conditioning methods in this group, the 
preseason metabolic conditioning for an elite-level professional rugby union team 
was undertaken exclusively in the form of continuous skill-based conditioning 
games. HR was recorded in all conditioning sessions for all players. Likewise, 
cardiorespiratory fitness was monitored via HR responses to a standardised 
interval work bout, assessed at weekly intervals throughout the nine weeks of 
preseason training. 
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3.2.2. Methods 
Experimental Design 
All subjects were part of a single experimental group. Dependent variables were 
percentage of HRmax elicited by a constant submaximal workload and percentage 
recovery score. These are both established markers used to track progressions in 
training status. The study design is based on the assumption that changes observed 
in dependent variables were due to the conditioning games intervention. This was 
deemed valid on the basis that this was the only form of metabolic conditioning 
undertaken and no matches were played in the period. 
C.. L-! - oubjects 
Senior professional male rugby union players (n=35). All subjects represented the 
same English Premier league team, and included current and former international 
players from England and South Africa. Subject characteristics are presented in 
Table 3.2.1. All players were familiar with all conditioning games and testing 
procedures. 
Table 3.2.1 - Subject Characteristics and Heart Rate Parameters 
Variable Mean SD Range 
Age 27.6 4.2 20.4-36.2 
Height 185.4 7.3 170-202 
Body Mass 98.6 13.7 80-121 
HRmax 190 9.6 174-212 
RestinLg HR 50 6.4 40-65 
Determination of HR Parameters 
The majority of players (30 of the 35) had a database of HR files from the 
previous twelve months training. HRmax was taken as the highest HR recorded 
during any session in this period and the duration of the study in these players. 
New players' HRmax was taken as their individual peak HR registered in the nine 
weeks of preseason training. For deterinination of resting HR, monitors were 
fitted before the team meeting on conditioning days, and the minimum value from 
the resulting HR trace was noted. In this way resting HR was updated on a 
continual basis, on the occasion that a new minimum HR was recorded for a given 
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player. From these parameters, heart rate reserve (HRR) for each player was 
calculated, as the deficit between the athlete's individual HRmax and resting HR 
(Holly & Shaffrath,, 2001). From these, each player was assigned his 
individualised training zone (75-85% HRR), which was updated as necessary on 
an ongoing basis. 
Monitoring Apparatus 
The implementation of skill-based conditioning games was underpinned by the 
use of HR monitoring technology (Polar Team HR Monitoring System, Polar 
Electro, Kempele, Finland). This is a fully integrated one-piece model that can be 
used independently of a watch device, with HR files being stored and downloaded 
directly from the sensor strap. The HR trace for each conditioning session was 
downloaded, and the quality of the session was assessed based on the degree to 
which the player maintained his HR in his specific target zone (Figure 3.2.1). 
Printouts of each player's HR trace, with their individual HR parameters 
superimposed, were handed out in the following day's team meeting. Any 
additional feedback was given individually by the Head Coach, as required. 
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Conditioning Game Design 
Conditioning games were derived from elements of Gridiron, netball, and soccer 
(playing area for the grid iron conditioning game is depicted in Figure 3.2.2). 
Penalties were imposed if players were not keeping up with play (i. e. within a 
designated area in the vicinity of the scoring zone when a score was made). 
Penalties included disallowing the score if the penalised player was on the scoring 
side, or awarding double scores if committed by opposition players. Alternatively, 
offending players were made to do conditioning drills or sprints, before rejoining 
play. Likewise, all players were punished with 'down-and-ups' (dropping to a 
prone position on the ground before rapidly returning to an upright stance to 
resume play) when unforced errors were committed. Periodically conditioning 
games were also filmed, and video analysis was undertaken for the session to 
generate performance stats for each player, specifically, the number of times each 
player touched the ball in each period of the conditioning game and errors made. 
In this way, the coaches were able to objectively evaluate each player's 
involvement and error count. This practice was adopted to guard against players 
staying on the periphery and doing the minimum necessary to keep up with play 
and avoid being penalised, without getting directly involved in play. 
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Testing 
Cardiorespiratory fitness and, indirectly, autonomic nervous system (ANS) 
functioning, was assessed at the beginning of each week of preseason, with the 
exception of Week 8, when players were away for a training camp. These 
assessments were based on HR responses to a standardised interval work bout. 
The test consists of four two-minute stages, interspersed with one minute 
(passive) rest periods, during which subjects remained standing and assumed 
standardised stationary postures (static stretches) (Sports Science Institute, Cape 
Town, South Africa). The 'beep' cadence (hence shuttle velocity) within each 2- 
minute bout was constant, but the pace increased with each successive stage. The 
first stage is an easy jog, equating to Level One of the Multistage Shuttle 'Bleep' 
Test (Leger et al, 1988). This progresses to rapid striding (analogous to Bleep Test 
Level Eight) in the final stage. The intervening two stages approximated to Level 
Three and Level Six of the Bleep Test, respectively, and essentially serve to 
progressively prime the cardiorespiratory system (V02-'on' response) in 
readiness for the final stage. 
High intraclass correlations have been reported for 20-m multi-stage shuttle run 
test (Leger et al, 1988, Ramsbottom et al, 1988, Leger & Gadoury, 1989), from 
which the test protocol is derived. The effects of psychological arousal on HR are 
reported to be nullified during high-intensity exercise involving large muscle 
groups (McInnes et al, 1995, Bangsbo, 1994). Even at the end of the training 
period, the HR in the final stage was 88.5±3.6%HRmax, which was deemed to be 
of a sufficiently high intensity to offset any interference effects of psychological 
arousal. 
The test provided two indices of training status. The first was the HR, expressed 
as a percentage of the player's individual HRmax, reached at the end of the final 
stage. A well-established marker of progression in endurance training is that a 
given absolute power output elicits a lower percentage of V02max, hence lower 
percentage of HRmax (Franklin & Roitman, 2001, Wilmore & Costill, 
1999). The 
second index of training status was a percentage recovery score. 
This was derived 
from the decline in HR from the end of the final stage to the end of the final I- 
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minute rest period, expressed as a percentage of the player's individual HRR. HR 
recovery after a standardised work bout reflects autonomic nerve system function 
(Imai et al, 1994, Savin et al, 1982). This index has likewise been shown to be 
sensitive to training status; with endurance-trained subjects exhibiting a more 
rapid recovery of HR following maximal and submaximal work bouts (Darr et al, 
1988, Imai et al, 1994, Wilmore & Costill, 1999, Yamamoto et al, 2001). 
Statifistical Analysis 
Group data were analysed using one-way analysis of variance (ANOVA) with 
repeated measures. Simple and repeated within-subjects contrasts were undertaken 
in the case of significant differences. Comparisons of data for new versus existing 
players in the squad were undertaken via independent t-tests. Statistical 
significance was set at p<0.05. Data analysis was completed with SPSS software 
(SPSS for Windows, version 10, SPSS Inc). 
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3.2.3. Results 
Repeated measures ANOVA revealed significant differences in %HRmax at the 
end of the final stage of the test pre- and post-training, displayed in Figure 3.2-3. 
The %Recovery score (p<0.01) was also significantly lower (p<0.01) at the end of 
preseason training (see Figure 3.2.4). However, repeated within-subject contrasts 
showed a significant difference in both test measures from Week I to Week 2 
(p<0.01, see Table 3.2.2). In view of this, repeated measures ANOVA were re-run 
for both data sets using Week 2 as baseline. Simple within-subject contrasts with 
Week 2 as the reference revealed %HRmax at the end of the final stage was 
significantly improved at Weeks 4,5, and 7 (p<0.05) and Week 9 (p<0.01). 
Similarly, %Recovery was shown to be significantly lower at Week 7 (P<0.05) 
and Week 9 (P<O. 0 1), relative to Week 2. 
Table 3.2.2 - Repeated Within-Subject Contrasts 
Weeks %HRmax %HR RecoveEy Score 
,o value 
Week I vs. Week 2 <0.01 <0.01 
Week 2 vs. Week 3 >0.05 >0.05 
Week 3 vs. Week 4 >0.05 =0.078 
Week 4 vs. Week 5 >0.05 >0.05 
Week 5 vs. Week 6 <0.01 =0.76 
Week 6 vs. Week 7 <0.01 <0.01 
Week 7 vs Week 9 >0.05 >0.05 
Week 5 was selected as the baseline to evaluate changes from mid-preseason to 
the end of the training period. Reductions %HRmax reached in the final test stage 
from mid-preseason (Week 5) became significant at Week 9 (p<0.05), shown in 
Figure 3.2.4. Significantly higher % Recovery scores were observed in Week 8 
(p<0.01) and Week 9 (p=0.012), and this persisted into the first week of the 
playing season (p<0.01, see Figure 3.2.3). 
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During Week 6 there was a significant elevation in end stage %HRmax and 
depression in %HR Recovery scores (Figures 3.2.3 and 3.2.4). This was reflected 
in the repeated within-subject contrasts Week 6 versus Week 7 (P<0.01) for 
%Recovery Scores (Table 3.2.2), and was likewise apparent for %HRmax, both 
Week 5 versus Week 6 (p<O. 0 1) and Week 6 versus Week 7 (p<O. 0 1). 
Scores for positional categories are presented in Figures 3.2.5 and 3.2.6. There 
was some indication of differences in rate and magnitude of improvement 
between different playing positions. However, there were insufficient numbers in 
each positional group to allow post hoc tests to assess any position effect. Any 
differences were negated when playing positions were merged into broader 
groupings. 
46 
End Stage %HRmax by Position 
100.0% 
98.0% 
96.0% 
94.0% 
x m 
92.0% 
90.0% cm 
88.0% 
86.0% 
84.0% 
82.0% 
80.0% 
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 9 
Test Date 
Figure 3.2.5 - Final Test Stage Percentage Heart Rate by Position 
Preseason %Recovery Data by Position 
C, 
I- 
0 
C') 
55.0% 
/, 
o, 
X----- -. -4, "- 
13 Front Row 
13 Lock 
Q Loose Forward 
0 Half Back 
G Inside Back 
12 Outside Back 
50.0% 
45.0% 
40.0% 
35.0% 
30.0% 
25.0% 
20.0% 
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 9 Season I 
Test Date 
Figure 3.2.6 - Recovery Scores by Position 
- 4- - Front Row 
---CF- Lock 
A Loose Forward 
-X - -Half Back 
0 Inside Back 
-0- Outside Back 
47 
To assess differences in training status at the beginning of preseason, %HRmax 
scores were compared for existing players and players new to the squad, presented 
in Figure 3.2.7. Independent t-tests were undertaken for Week 1 and Week 2 data. 
Week 1, %HRmax scores (mean ±SD) for existing players were 94.9 ±2.8% 
versus new players average 97.5 ±1.1%, bordering on statistical significance 
(p=0.078). The difference in Week 2 was more marked - reaching significance 
(p=0.0 15). 
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3.2-4. Discussion 
The results of the current study support the efficacy of skill-based conditioning 
games to develop cardiorespiratory fitness in elite-level professional rugby union 
football Players. Both HR recovery and %HRmax for the final stage showed the 
expected trends indicative of advances in training status. Significant improvement 
was seen post-training for both of these markers of endurance fitness. These 
significant effects persisted when Week 2 was substituted as baseline, to correct 
for possible effects on submaximal HR of hypervolaemia (increase in blood 
plasma volume) occurring early in the training period (Jones & Carter, 2000). 
Furthermore, continued improvements were also observed between the midpoint 
of the preseason phase and the end of the training period. 
It should be stated these gains were elicited in already fit players, the majority of 
whom had been trained using conditioning games for the previous twelve months, 
and were coming off the back of the most successful season in the club's history. 
The scope for physiological adaptation is finite, and the superior early preseason 
fitness of existing players in the squad suggests these players had already fulfilled 
a good portion of their window of adaptation for cardioresPiratory fitness. This 
being the case, these players would be at a stage of physical development whereby 
diminishing returns would be expected (Holly & Shaffrath, 2001), rendering the 
fact gains were made throughout preseason training all the more notable. 
To the author's knowledge this is the first Published study to quantify changes in 
cardiorespiratory fitness in response to a preseason training program in elite rugby 
union players. The lack of studies thus makes comparison of the current findings 
to existing data impossible. Given this, and from an overall scientific perspective, 
the ideal would therefore have been to match subjects for playing position and 
randomly assign players to a matched control group. However, the reality is that it 
would be untenable to disrupt the preparation of a professional team to this extent 
in view of the financial rewards and consequences of failure (i. e. relegation) 
contingent on the team's performance in the subsequent season. Likewise, players 
would be opposed to having their chances of selection jeopardised on the basis 
they may have been assigned to the 'wrong' experimental group, and their physical 
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preparation was not to the same standard as other players in their position as a 
result. Conceivably, such factors may have contributed to the lack of published 
studies in rugby union football since the advent of professionalism in 1995. 
The study thus rests on the assumption that the observed improvement in markers 
of cardiorespiratory fitness resulted from the skill-based conditioning games 
training intervention. The only other mode of training undertaken in the period 
that could conceivably have had a metabolic conditioning effect is team tactical 
practices. However, HR traces from these sessions revealed the average work 
intensity to be considerably lower than that elicited by conditioning games 
(unpublished findings). Similarly, due to their nature, these practice sessions were 
not continuous, featuring frequent and often extended pauses for fault correction 
and coaching input. Further, the tactical practice sessions were introduced in the 
latter stages of the preseason training period, by which time significant gains in 
cardiorespiratory fitness were already evident. 
Rugby union is very much an intermittent sport, in the sense that patterns of 
activity during match play are highly variable, being dictated by a multitude of 
factors, including the game plan of the opposition and refereeing calls. As a 
consequence, practically it is very difficult to design drills to simulate the 
continuum of intensities and movement patterns encountered during match play. 
The solution described that circumvents the need for structured conditioning drills 
is skill-based conditioning games. The conditioning games are continuous and 
require players to operate in the upper range of Work: Relief ratios encountered 
during match play and evoke exercise intensities in the range required (-90-100% 
V02max) for optimal gains in cardiorespiratory fitness (Plisk & Gambetta, 1997, 
Plisk, 2000, Wenger & Bell, 1986). Skill-based conditioning games were found to 
offer far greater intrinsic motivation as a consequence of the game-play element, 
in agreement with the findings of other authors (Jeffreys, 2004). It requires 
significant motivation to reproduce these high work rates on a consistent basis to 
obtain continued improvements. Previously it has been identified that the majority 
of team sports players are more likely to work at these 
higher intensities when 
conditioning is perceived as game-related than when engaged 
in more traditional 
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conditioning (running laps or intervals) with no skill or competition element (Plisk 
& Gambetta, 1997, Jeffreys, 2004). 
Indirect evidence for the superiority of conditioning games as a training mode for 
athletes in rugby union is alluded to by the deficit in early preseason test scores of 
new players in the squad, compared to the existing players' average scores (Figure 
3.2.7). Differences in training status are indicated from the fact new players 
required a greater percentage of their individual HRmax in completing the final 
test stage. This would suggest the conditioning they were exposed to at previous 
clubs was less effective, certainly from the point of view of maintaining 
endurance in-season. 
The skill-based conditioning games approach accounts for movement specificity 
to a greater extent than traditional conditioning methods. This is significant, as the 
more specific an activity is to the training mode in which endurance gains were 
made, the greater the degree to which these gains are expressed (Durstine & 
Davis, 2001, Millet et al, 2002). The games forniat requires players to react to the 
movement of both team-mates and opponents, as well as following the ball. In this 
way, the conditioning games mode of training incorporates the changes in 
direction and velocity, and 'utility' movements (lateral and backwards locomotion) 
that feature in match play. A key parameter contributing to endurance 
performance is exercise economy (Jones & Carter, 2000). Running efficiency has 
been identified as the major avenue for advancing performance in highly-trained 
endurance athletes (Daniels, 2001). Exercise economy is postulated to be closely 
related to patterns of motor unit recruitment, and as such improvements are highly 
specific to the speeds and power outputs at which athletes habitually train (Jones 
& Carter, 2000). It follows that the skill-based conditioning games training format 
should similarly enhance economy for the range of sport-specific modes of 
locomotion and continuum of velocities that feature in match-play. Indeed 
conditioning games may be the optimal training mode available to promote these 
adaptations. This sport-speeific movement efficiency factor 
is likely to be 
underestimated from the 20m-shuttle test 
format, which requires only straight-line 
running and 180-degree turns. 
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Regardless of the apparent effectiveness of the conditioning games training mode, 
it is unlikely that coaches would be receptive to skill-based conditioning games 
without being able to substantiate that each player in the squad is working 
sufficiently hard in the conditioning game setting for consistent gains in 
cardiorespiratory fitness. In view of this, HR monitoring technology is a critical 
element in the skill-based conditioning games approach. HR as a physiological 
marker of cardiorespiratory intensity is proven to be more accurate an index of 
exercise intensity during an acute exercise bout than perceptual cues, such as 
central or peripheral ratings of perceived exertion (Potteiger & Evans, 1995). 
Likewise, HR provides a basis to prescribe intensity that is sensitive to 
environmental conditions (heat and humidity) and changes in training status. This 
offers an objective means to verify players are working at or above their 
individually determined threshold to ensure a training effect, enabling the 
coaching staff to take appropriate steps if a player is found to not be working at 
the required intensity. Similarly, on a longitudinal basis, HR records of training 
sessions allow training load and volume to be logged far more reliably, as 
compared to self reports of intensity for daily training sessions (Gilman & Wells, 
1993). In this way, HR offers a basis for training loads to be manipulated with a 
greater degree of accuracy as part of the players' long-term periodised training 
plan. 
There are characteristic changes observed in cardiac ANS modulation with 
advances in endurance training status. Reduced resting sympathetic input and 
greater vagal (parasympathetic) tonic activity is reflected in relative bradycardia 
(lowered heart rate) at rest following a period of endurance training (Imai et al, 
1994). Recovery of HR immediately post-exercise is likewise sensitive to 
endurance training status, with endurance trained individuals exhibiting 
accelerated return to resting levels following termination of exercise (Darr et al, 
1988, Imai et al, 1994, Yamamoto et al, 2001). This is attributed predominantly to 
enhanced vagal (parasympathetic) reactivation. Practically, it is difficult to 
separate psychological factors to get a true resting 
HR measure on a consistent 
basis. Measurement of resting HR is therefore too unreliable to be used as the 
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primary marker to track changes in cardiac ANS modulation. In contrast, HR 
recovery assessed using the intermittent shuttle test proved to be an easily 
implemented and time efficient test that could be conducted with large numbers of 
athletes. 
HR recovery after a standardised work bout can thus provides insight into ANS 
functioning. This is significant, as it is the disruption of ANS function that is the 
primary characteristic of acute over-reaching and the chronic state of overtraining 
(Kraemer, 2000). Any marked decrease in a player's recovery score may indicate 
sleep disturbance, acute fatigue due to alterations in training (acute 'over- 
reaching'), residual fatigue from the previous week's training, or other daily 
stressors. These precursors of overtraining, if not addressed, can render the player 
susceptible to the chronically overtrained state. Interestingly, this was evident late 
in preseason, whereby there was a depression in recovery scores evident in some 
playing positions in Week 5, which became particularly marked for the group as a 
whole in Week 6. Paradoxically, this appeared to be provoked by a decrease in 
training volume. Preceding the Week 5 and Week 6 tests, players were given the 
Friday off training, which entailed three days away from training, as opposed to 
the two-day weekend rest they were accustomed to. Many players reported the 
following Monday that they were feeling tired, corroborated by the decline in 
recovery test scores. It appears the active rest provided by the Friday training 
session may have served to enhance sleep quality and recovery. Accordingly, 
when the squad reverted back to the norinal weekly training plan (i. e. with Friday 
training session) recovery scores rebounded back to continue their previous 
upward trend, which persisted into the first week of the playing season. 
With the high volumes of team practices and other training required in rugby 
football there is a necessity for metabolic conditioning to be as time-efficient as 
possible to maximize gains in the limited training time allowed. Skill-based 
conditioning games enable players to simultaneously 
develop awareness of space, 
execute game skills and decision-making under pressure, and practice effective 
communication with team-mates 
in a simulated competitive environment. 
Collectively these elements have been termed 'game sense' in rugby league 
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coaching circles (Den Duyn, 1997, Den Duyn, 1996). As skill-based conditioning 
games offer development of game skills and communication, coaches are able to 
continue metabolic conditioning even late in preseason when the training 
emphasis shifts to skills practice and game strategy sessions. There was a 
noticeable plateau in endurance performance measures towards the end of the 
training period concurrent with the shift in emphasis to greater strategy and 
tactical work, and correspondingly less time engaged in metabolic conditioning. If 
undertaking metabolic conditioning using less game-related conditioning activities 
this shift away from metabolic conditioning work would likely occur earlier. In 
this case, reduced total conditioning time would likely elicit lesser net gains in 
cardiorespiratory fitness at the end of the preseason training period. Anecdotally, 
the skill element likewise encourages coaches to continue to implement 
conditioning games during the playing season, allowing cardiorespiratory 
endurance to be maintained to a far greater extent in-season. 
The skill-based games approach to metabolic conditioning may offer an ancillary 
benefit of lower injury incidence rates, as compared to traditional conditioning 
activities without a ball. In a study by Gabbett (2002) injury rates were adjusted 
for time engaged in a particular mode of training for the duration of a rugby 
league season. The majority of injuries were sustained during traditional 
conditioning work without a ball or skill element, in contrast to the low incidence 
of injury when participating in skill-based conditioning games (Gabbett, 2002). 
The underlying reasons for the apparent decreased occurrence of injury associated 
with conditioning games remains to be clarified. There are indications that skill 
sports athletes exhibit enhanced agility when holding the implement of their sport 
(Kraemer & Gomez, 2001). Improved neuromuscular control is identified as 
helping guard against 'non-contact' injuries (Pettitt & Bryson, 2002). It is 
conceivable therefore that improved motor control may be an underlying factor in 
the decreased injury when performing sports movements, as opposed to running 
without a ball. Whatever the mechanism, the benefits of less time away from the 
training pitch due to injury will be readily apparent to the coach and athlete. 
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3.2.5. Practical Applications 
This study provides the first quantitative data to support the efficacy of skill-based 
conditioning games as the primary mode of metabolic conditioning for elite-level 
rugby union players. This supports the proposed benefits of conditioning games, 
with regard to specificity of training. These results, taken with the findings of a 
previous investigation indicating lower injury incidence rates associated with 
skill-based conditioning games, suggest the conditioning games approach may 
offer a credible alternative to traditional conditioning activities for rugby football 
players. To directly assess the relative merits of each training mode, further 
research quantifying changes in cardiorespiratory fitness for a preseason period 
employing traditional conditioning methods in a similar group of athletes is 
needed to allow direct comparison with the present results. 
HR monitoring was demonstrated to be a practical means of quantifying training 
intensity in the conditioning games format, providing an objective basis to 
validate this mode of training. Coaches can thus implement conditioning games in 
their team's metabolic conditioning, in the knowledge that they can verify each 
player's work-rate in any given training session, and in doing so gain insight into 
the work ethic of individuals in their playing squad. The study further indicates 
the HR recovery index described has potential use as an index for coaching staff 
to identify players exhibiting disruption of ANS function indicative of acute 
fatigue that may be precursors of overtraining. 
These findings have most relevance for coaches in rugby union and rugby league. 
However, this approach to metabolic conditioning may also be applied to other 
team sports of an intermittent nature. 
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STRIENGTH TRAINING 
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Components of Strength 
Strength is defined in terms of the greatest amount of force or torque an individual 
can generate during maximum voluntary contraction under a defined set of 
conditions (Abernethy et al, 1995). Individual testable qualities that comprise the 
global term strength can be isolated (Newton, 2002). In accordance with the force- 
velocity relationship, there is a distinction between force-generating capacities 
(i. e. strength) at faster movement velocities and slow velocity or zero velocity. 
High-velocity strength or speed-strength comprises force-generating capacities at 
fast contraction velocities (Newton, 2002). There is a further distinction between 
slow velocity maximum strength and isometric strength. Slow velocity strength is 
defined as the maximum weight that can be lifted in a dynamic fashion, typically 
measured using an isoinertial lift (squat, deadlift, bench press etc). Isometric 
strength is quantified as the maximum force that can be applied under static 
conditions. At negative movement velocities maximal torques are described in 
terins of eccentric strength. Eccentric strength has the greatest magnitude of force 
of all strength components. The combination of eccentric and concentric strength 
yields a further component, termed 'reactive strength'. This final quality is 
typically assessed via measures such as depth jump height, in which the subject 
must overcome significant momentum in a negative direction before reversing the 
movement to overcome inertia (Newton, 2002). 
When athletes are required to perform movements repeatedly, other capabilities 
are implicated that relate to the strength qualities described. Strength-endurance, 
sPeed-endurance, and power-endurance are identified as discrete elements and 
should be considered independently, as opposed to merely derivatives of strength, 
speed and power (Yessis, 1994). Neuromuscular coordination is implicated in 
speed-endurance and power-endurance, as movement efficiency plays a key role 
in both. Two key adaptations identified as underlying strength-endurance are acid- 
base buffering (Kraemer, 1997) and neural mechanisms that make the athlete 
better able to more fully activate fatigued motor units (Behm, 1995). 
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4.1-2. Strength Training Methods and Modes 
Particular modes of strength training have greater transfer of training effect for a 
particular capacity than others, based upon the mechanics and kinetic profile of a 
training exercise (Stone et al, 2000). The method of applying resistance will 
dictate the degree of neuromuscular control and coordination required, which 
influences its relative effectiveness in developing a given neuromuscular property. 
For the majority of multi-joint training movements, free weight application of 
resistance is considered most functional as the lifter is required to stabilise their 
own body and the external resistance, whilst controlling and directing the 
movement (Stone et al, 2000). As a consequence, free weights exercises develop 
intra- and inter-muscular coordination to a greater degree. This is reflected in 
superior transfer to athletic and ergonomic performance measures relative to 
machine-based resistance training (Stone et al, 2000). Similarly, free weights 
strength training is consistently shown to produce greater strength gains in 
comparison to resistance machines. For these reasons it is typically recommended 
that advanced strength training should emphasise free weights exercises, with 
resistance machine exercises having an auxiliary role (Kraemer et al, 2002). 
The biomechanics and kinetic profile of a particular strength training exercise 
dictates its relative effectiveness in developing a particular strength property. 
Structural, mechanical, and neural elements of the lift will impact on training 
velocity and rate of force development. This in turn determines the nature of the 
training adaptation, such as slow velocity strength versus speed strength (Baker & 
Nance, 1999). Multiple-joint free weights exercises are recommended when 
training to develop explosive muscular power (Kraemer et al, 2002). Closed 
kinetic chain free weights exercises typically comprise multi-joint movements and 
feature transmission from the ground upwards, which favours transfer to athletic 
activities (Stone et al, 2000). 
The quantity of muscle mass involved in the training exercise, as well as 
frequency and volume load (repetitions multiplied by mass lifted) of training will 
influence adaptations in body composition (Stone et al, 2000). Free weight 
exercises that recruit a large amount of muscle mass 
have greater metabolic 
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demand and hormonal responses, which tends to favour alterations in body 
composition. Similar considerations underpin recommendations for multiple-joint 
free weights exercises recruiting large muscle mass to develop local muscular 
endurance and strength endurance (Kraemer et al, 2002). 
4.1.3. Foundations of Strength Training 
The first foundation of any strength training program is 'overload'. Essentially, 
overload dictates that the athlete needs to be loaded beyond what he is accustomed 
to in order to produce any adaptation (Baechle et al, 2000). The muscles and 
motor control systems require a novel stimulus in order to elicit a training 
response. When these conditions are met the body is prompted to initiate 
adaptations in the nervous system, muscles and connective tissues to be able to 
better deal with this new movement and loading in the future. Even the best 
designed program will not produce significant gains without taking the 
neuromuscular system beyond what it is accustomed to in terms of movement 
patterns being executed, the intensity, volume load, and the rest allowed between 
exercises and workouts. 
The second foundation leads on from overload; this is 'progression'. This 
concerns the need for progressive increases in training stress applied as training 
advances to achieve continued adaptation (Newton et al, 2002). The most simple 
illustration of the need for progression is that as the athlete gains strength, a load 
that would previously have been challenging no longer offers the element of 
overload due to the athlete's enhanced capabilities (Rhea et al, 2003). Progression 
can also be achieved by manipulating repetitions performed, training volume 
(number of sets and exercises in the workout) and/or training frequency (weekly 
number of sessions per muscle group) (Kraemer et al, 2002). Finally, selection of 
exercises can be used to progress a player's training, moving towards more 
technical lifts as their lifting abilities develop. Progression therefore is a continual 
process of marrying the program variables to the 
level of adaptation that has 
already taken place. For a lifter with 
limited training experience almost any 
systematic strength training program represents a novel training stimulus 
for the 
neuromuscular system. With 
increasing training experience and as training status 
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advances, more challenging training regimes and more sophisticated manipulation 
of training parameters are required to elicit a training response (Newton & 
Kraemer, 1994, Kraemer et al, 2002). 
The final foundation of strength training is 'specificity', described by the acronym 
SAID: Specific Adaptation to Imposed Demands (Baechle et al, 2000). The 
adaptation produced in an athlete is dependent on the specific form of overload 
provided by the training stimulus (Stone et al, 2003). Strength training must 
therefore be specific to the sport or athletic event the athlete is training for. The 
obvious application of this is in exercise selection. Lifts that are most relevant to 
the demands the player faces on the pitch are preferred to alternative exercises for 
a particular muscle group. This is the principle of training movements, not 
muscles in isolation. Kinetic, kinematic and postural variables are all implicated in 
sPort-specific exercise selection. Biomechanically, the closer the particular 
training exercise to the movement patterns and velocity of the sports-related 
action, the greater the degree of carry-over is likely to be (Stone, 1993). 
Another application of specificity, which is typically not fully accounted for, is 
the format in which strength training workouts are performed. Here there is a 
distinction between athletic disciplines that comprise a single maximal effort, as 
in the case of field event athletes Oumpers, throwers etc), and performance 
requiring repeated maximal efforts performed consecutively. In the former case, 
the sole program goal is maximal strength, hence it is sufficient to perform 
consecutive sets to failure with a selected exercise allowing optimal rest in 
between sets. In the case of athletic performance comprising cyclical high-force 
movements (for example sprinters, cyclists or rowers) strength-endurance is an 
additional program goal. Therefore a key training variable is rest between sets of 
exercises replicating the cyclical sport movement. For field sports athletes, a wide 
array of movements in multiple directions must be executed repeatedly in an 
unspecified order with high force. Contact field sports feature the added element 
of movements executed against resistance, often with the upper body as the point 
of contact. For these athletes, the optimal training format has yet to be adequately 
investigated. 
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4.1.4. Strength Training Prescription for Elite Athletes 
Meta-analysis of the strength training literature demonstrates that training 
responses vary depending on training status (Rhea et al, 2003). Accordingly, 
different levels of intensity, volume and training frequency are shown to produce 
maximal gains, based on the training experience of the subject population 
(Peterson et al, 2004). In recognition of this, exercise prescription guidelines 
increasingly make a distinction in terms of resistance training experience and 
feature separate recommendations for untrained, recreationally trained and 
advanced lifters (Kraemer et al, 2002). 
Training experience is therefore a key consideration for strength training 
prescription. There is an obvious need to progress intensity, volume and frequency 
of training, as the neuromuscular system grows more accustomed to strength 
training with increased exposure (Rhea et al, 2003). It is therefore logical that 
individuals with different training experience will require different 'doses' of 
training parameters in order to elicit maximum training response in terms of 
strength gains. 
Dose-response relationships to help specify the optimal resistance load, volume 
and frequency of strength training have previously not been identified in 
competitive athletes. A recent study undertook a meta-analysis of the thirty-seven 
studies of the strength training literature directly employing athletes as the subject 
group (Peterson et al, 2004). Summarising the findings of these studies, the 
authors found that the training parameters that optimise training effects (measured 
strength gains) in competitive athletes differ to those based on similar studies 
employing strength trained non-athletes. Training volume (sets per muscle group), 
training frequency (days per week for each muscle group) and training intensity 
(resistance load) found to be most effective in the studies examined differed 
markedly even to those for non-athlete subjects experienced 
in strength training. 
The specific needs of competitive athletes are vastly 
different to those of 
recreationally trained 
individuals. It is logical that by extension the optimal 
61 
training for athletes will likewise be different. There is recognition that training 
status and experience influences the particular form of training that will be 
effective in developing athletic performance (Cronin et al, 2001). On this basis, 
elite performers should be treated as a special population. 
There appears to exist a continuum in terms of optimal training variables for 
maximal strength gains, which is dependent on the training status and training 
experience of the individual (Rhea et al, 2003). Maximal strength gains are 
demonstrated in untrained individuals training at an average intensity of 60% 1- 
RM (Repetition Maximum), whereas individuals experienced with strength 
training exhibit maximum gains with 80% I-RM resistance. Competitive athletes 
appear to exist further still along this continuum. However, there is currently a 
lack of data pertaining to this athletic population, especially team sports athletes, 
hence there is often insufficient objective data upon which to base training 
prescription. 
From the data that is available, some suggestions for training volume, training 
frequency and training intensity applicable to competitive athletes can be made. A 
mean training intensity of 85% I-RM has been found to be most effective in 
competitive athletes from the majority of relevant studies (Peterson et al, 2004). 
This equates to 6-RM, i. e. the greatest weight that can be lifted for six repetitions, 
when liffing to failure. This is in general agreement with the finding that loads 
greater than 80% I-RM were necessary to maintain or improve strength 
throughout the playing season in college American football players (Hoffman & 
Kang, 2003). Observation of elite weightlifters likewise noted a significant 
decrease in EMG recorded during the phase of the training year when training 
intensity dropped below 80% I-RM, which recovered once training intensity was 
increased above 80% in the subsequent training period (Hakkinen et al, 1987). 
This requirement for greater average intensity appears to be a common theme for 
athletes as a special population. Of all training variables, training 
intensity was the 
only significant predictor of strength changes 
during an in-season period in 
college American football players (Hoffman 
& Kang, 2003). Training studies 
featuring protocols in which the athlete subject group lifted to failure report 
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greater average strength gains (Peterson et al, 2004). Therefore it appears there is 
a need for strength training regimes to stipulate the athlete must lift to failure at 
the specified load, as training at lesser intensities is shown to elicit minimal 
improvements in competitive athletes (Hoffman & Kang, 2003). 
In terms of frequency of strength training, recommendations are based on the 
number of times per week individual muscle groups should be trained. From data 
examining athletes, training a particular muscle group two or three days per week 
was observed to be similarly effective (Peterson et al, 2004). How many strength 
training sessions this equates to will depend on the layout of the workout. It could 
be two workouts per week in the case that both days are whole-body sessions. On 
the other hand, if a 'split routine' format is being used, isolating certain muscle 
groups (for example separating upper and lower body exercises) on particular 
training days, this may comprise four or more strength training sessions per week. 
There is some evidence that a five-day program incorporating split routine loading 
may offer greater strength and muscle mass gains (Hoffman et al, 1990). 
However, given the time constraints imposed in many team sports the fonner 
three-day whole body format is likely to be most time-efficient. 
Recommendations for volume of strength training for competitive athletes are 
similarly made in terms of individual muscle groups. A mean number of eight sets 
per muscle group is found to maximise strength gains in groups of athletes 
(Peterson et al, 2004). This represents double the equivalent volume 
recommendations based on studies for non-athletes. The majority of studies 
employing non-athletes found four sets per muscle group per week to be effective 
in evoking maximal strength gains (Rhea et al, 2003). This was the case in both 
recreationally strength-trained and untrained subjects. Competitive athletes thus 
appear to require a much greater volume of strength training to provide an 
effective training stimulus for gains in strength. These distinct differences in 
optimal training observed for competitive athletes reinforce the specific needs of 
athletes as a special population. 
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4.1.5. Strength Characteristics of Rugby Football 
Scores on strength and power measures are shown to distinguish elite professional 
players from those at lesser levels (Baker, 2001b, Baker, 2001d). This asserts the 
importance of developing strength properties for rugby football as a requisite for 
participation at the highest level (Baker, 2002). There is a significant progression 
in these qualities at each stage from high-school level, through college age, to 
senior professional level (Baker, 2002). Independent of any difference in lean 
body mass, elite professional rugby league players are able to express greater 
upper-body strength and power than semi-professional and college-aged players 
(Baker, 2001b, Baker, 2001d). 
In professional rugby league players it has been identified that different playing 
position groupings vary in their performance on various strength, speed, and 
endurance measures (Meir et al, 2001). Specifically, forwards exhibit greater 
upper body strength than backs, whereas outside backs are faster over 15 in than 
forwards and all other positional sub groups over 40 in. Reflecting the frequent 
involvement in play and added endurance demands associated with the positional 
role, distributor positions are found to score significantly better on 5-minute run 
scores than the forward positions (Meir et al, 2001). 
There is currently no such contemporary data for rugby union at elite level. 
However, the distinction between forward, back and distributor positions in rugby 
union is broadly similar to rugby league, therefore similar trends across playing 
positions would be expected. All playing positions irrespective of differences in 
body mass and positional demands require high levels of dynamic muscular 
strength to contend with the physical aspects of the sport (Baker, 2001b, Meir et 
al, 2001). 
4.1.6. Strength Training Needs Analysis for Elite-level Rugby Union 
Football 
The fundamental difference that separates rugby union from rugby league is the 
greater emphasis on the set piece phases. 
A scrum or line-out is used to restart 
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play after technical infringements are committed or the ball has gone out of play. 
As a consequence of these primary aspects of rugby union match play, roles of 
different playing positions are more clearly delineated and their associated 
demands vary more strikingly. Notwithstanding the differences in performance 
measures between positions observed in elite rugby league players, playing 
positions in rugby league are far more homogenous. As a result there is a greater 
disparity between the physical attributes of positions in rugby union (Quarrie et al, 
1995, Duthie et al, 2003). Individual players are naturally predisposed to, and 
selected for, particular playing positions on the basis of their anthropometric 
characteristics and strength capabilities (Quarrie et al, 1996, Quarrie & Wilson, 
2000, Duthie et al, 2003). The other aspect that differentiates rugby union from 
league is that rugby union requires players to secure or contest possession of the 
ball at each tackle. This responsibility primarily falls to the forward positions, for 
whom there is a correspondingly greater need for absolute strength (Duthie et al, 
2003). Needs analyses of individual positional roles within a rugby union team 
thus reveals that the various playing positions exist at different points on the 
maximum strength/speed-strength continuum. 
From qualitative assessment of rugby union, relative strength is important for all 
playing positions from the point of view of overcoming the player's own inertia to 
change direction at speed, jump and accelerate. Absolute strength levels are 
likewise vital when initiating explosive movements against resistance (provided 
by opposition players), for example when tackling and forcefully engaging with 
opposition players in the vicinity of the tackle area to secure possession. 
Larger body mass differentiates between playing grades in rugby union football. 
This aspect was also shown to correlate with the respective performance of 
national teams in the World Cup competition (Olds et al, 2001). Body mass 
is a 
significant predictor of force produced during the scrum (Quarrie & 
Wilson, 
2000), which is the set piece used to re-start play after technical infringements. A 
team's success in producing force in the scrum will dictate their success 
in 
contesting possession and positively 
influence the quality of possession they 
receive from this phase of the game. 
Lean body mass is important in terms of 
65 
accounting for the mass element in the mass x velocity momentum equation 
during collisions. Travelling at the same given velocity, a heavier player will be 
carried forward a greater distance in the collision when tackled by an opponent. 
This is significant, as possession is more likely to be retained if the ball carrier is 
able to travel some distance beyond the defensive line when tackled before he 
goes to ground and has to release the ball (Duthie et al, 2003). As in other 
collision sports such as American football, rugby union players' body mass and 
mesomorphy has risen at a disproportionate rate over the past twenty-five years, 
particularly since the advent of professionalism (Olds, 2001). Site-specific 
hypertrophy is also important in contact sports such as American football and 
rugby football (Kraemer, 1997). The shoulders are a key area for development as 
this is frequently the point of impact when tackling opponents. 
Based upon qualitative assessment of the physical aspects of rugby union football, 
the predominant biomechanical action comprises simultaneous 'triple-extension' 
of hips, knees and ankles; often transmitting force through the shoulders as the 
point of contact during collisions with other players. This triple-extension 
characterises both the high-force activities involved in contesting possession and 
the high-power dynamic actions associated with jumping and tackling. The 
primary goal of the strength training program therefore is to enhance maximum 
strength and speed-strength for this triple-extension movement. There is a need 
for both strength (heavy load) training and explosive power training that 
emphasises this specific action. 
P,., -,., -ercise selection favours primarily 'closed kinetic chain' (feet planted) multi- 
joint movements. There is a necessary emphasis on the high-force structural lifts 
(deadlift and variations of the squat). To account for speed-strength development 
for these multi-joint movements there is a requirement for specific speed-strength 
training, in particular Olympic lift exercises and their derivatives (Kraemer, 
1997). Unilateral support resistance exercises are similarly key exercises to 
account for the fact that often force is generated whilst supported on one leg 
(Hedrick, 2002, McCurdy & Curdy, 2003). Additional exercises to develop the 
muscle groups that assist the prime mover musculature are necessary to develop 
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active joint stability. Likewise, it is important to incorporate resistance training 
exercises to address areas typically prone to injury for a particular position, as 
well as accounting for players' pre-existing muscular imbalances or sites of 
previous injury (Baechle et al, 2000). 
Consideration must be given to the physical stresses associated with team 
practices and matches that result from violent bodily contact with opponents and 
the playing surface. The consequent muscle tissue damage incurred has the 
potential to compromise the amount and intensity of strength training playersare 
able to perform (Hoffrnan & Kang, 2003). Programming of strength training must 
also take account of the interaction effects of the concurrent metabolic 
conditioning and physical activity involved in the skill sessions and team practices 
players are required to perform. High-intensity endurance training has been shown 
to interfere with hormonal changes and negatively impact upon power 
development when strength training is performed on the same day following 
endurance training (Kraemer et al, 1995). A preceding acute bout of high-intensity 
endurance exercise is also shown to impair the ability to perform strength training 
(repetitions completed) (Leveritt & Abernethy, 1999). Although isokinetic 
strength parameters are also affected, isoinertial strength appears to be 
compromised to a greater extent by prior endurance exercise. It therefore appears 
that exercises requiring greater neuromuscular control and coordination may be 
more susceptible to these interference effects. 
There is some evidence that manipulating the sequencing of the training day can 
influence the degree to which strength expression is compromised (Leveritt & 
Abernethy, 1999). Specifically, when strength training is prioritised and 
performed before conditioning these interference effects can be minimised. It has 
been shown that adopting this approach can optimise strength training responses 
to the extent that strength and power measures can be maintained, or even 
increased in younger players, during the course of a lengthy (twenty-nine weeks) 
in-season period (Baker, 200 1). 
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As inferred previously, a key distinction between rugby football and other 
collision sports such as American football is that rugby football is far more 
continuous in nature. Unlike American Football, in rugby union play continues 
after the player is tackled. Play is only stopped when the ball goes out of play, a 
technical infringement is made, or a penalty is committed. As a result, rugby 
union features considerably higher work: rest ratios (Deutsch et al, 1998), and thus 
has a much greater metabolic demand. Consequently, strength-endurance is a vital 
program goal for rugby football. How best to address this need for strength- 
endurance for the myriad of movements perfonned with and without external 
resistance that feature in rugby football is yet to be elucidated, particularly with 
elite players. 
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Evaluation of a Circuit Strength Training Format for Elite Senior 
Professional Rugby Union Football Players 
4.2.1. Introduction 
Traditionally, strength training in a circuit format has been restricted to the use of 
lighter weights (40-60% 1 RM) and higher (10- 15) repetitions (Fleck & Kraemer, 
1997). Circuit resistance training has thus become synonymous with a hybrid 
strength endurance and aerobic training modality (Fleck & Kraemer, 1997). The 
closest example of a circuit format being used for strength training reported in the 
literature is a strength-endurance oriented off-season program featuring 8-12RM 
loads used with American football players (Kraemer, 1997). 
1%. C; 'De-evaluation of the circuit format for strength training appears warranted. It was 
hypothesised that the use of circuit format with strength and power training may 
offer specific benefits for team sports athletes. As a consequence of their 
intermittent and open nature, team sports comprise a myriad of movement patterns 
involving multiple muscle groups. One disadvantage with the conventional 
sequential workout format (i. e. completing the allocated sets with one exercise 
before moving on to the next lift) is that exercises placed later in the workout may 
be compromised by fatigue having trained exhaustively on previous lifts. The 
circuit format means that the lifter is in a comparable state of freshness or fatigue 
when performing all exercises in the workout, and fatigue is more progressive and 
consistent for all exercises. Hypothetically this should facilitate a more 
homogenous whole body training response. Likewise, the fact that the athlete 
continues to train during what would be a rest interval under the traditional 
straight sets format would appear to favour adaptations in whole body acid-base 
buffering. This has been identified as a primary factor in strength-endurance 
(Kraemer, 1997), which is a key program goal for team sports such as rugby 
football. 
Over the past twenty-five years, the body mass and levels of mesomorphy of top- 
level rugby union players has shown consistent increases at five times the rate of 
that seen in the same period for the general population as a whole (Olds, 2001). 
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n wi nf rr The importance of strength development in rugby football ca like se be ie ed 
from the observations that strength and power measures differentiate between 
players at different playing grades (Baker, 2001b, Baker, 2002, Duthie et a,, 
2003). Upper and lower body power measuresof elite rugby league players are 
shown to be heavily dependent on their levels of strength (Baker & Nance, 
1999a). Given the observed importance of strength and lean body mass it is thus 
crucial to maximise the effectiveness of the strength training players are able to 
perform within the constraints of other training and team practices. 
To the author's knowledge, there is currently no published data regarding strength 
training responses of rugby union players, particularly at elite level. There is 
growing evidence that athletes exhibit different traimig responses to trained non- 
athletes and untrained subjects (Peterson et al, 2004). Accordingly, there is a need 
to gather data pertaining specifically to competitive athletes. 
The aim of the study was to evaluate strength training responses of elite 
professional rugby union football players to the circuit fonnat manipulation. 
Periodised strength training for these athletes was performed exclusively in a 
circuit format for the duration of eight weeks' preseason training. Strength test 
results were examined to assess the effectiveness of the circuit format for strength 
training in these athletes. 
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4.2.2. Methods 
Subjects 
Twenty-nine players (age 25.7 ±4.5yrs height 185.0 ±9. Ocm body mass 101.2 
+ 15.1 kg, mean ±SD) were included in the study. All were members of the same 
professional rugby football team competing in the English Premier League. 
Criteria for inclusion were that players were fit to complete all test occasions for 
at least one of the lifts tested and had been in full-time training for a minimum of 
twelve months previously. 
Preconditioning Phase Prior to the Study 
At the end of the previous season players underwent testing. Prior to the training 
intervention, players were away for six weeks' off-season break. During this 
period, following two weeks active rest, the players were given an off-season 
strength training program to be performed independently for three days per week. 
This comprised free weights and resistance machine exercises (Table 4.2.1). To 
ensure compliance, each player was set individual targets for each of the three lifts 
assessed, based on their test results at the end of the playing season. Players were 
instructed that penalties and extra training would be imposed in the event they 
failed to meet their targets when they returned for preseason training. This served 
to ensure that the players did not enter the training period in a detrained state. 
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Table 4.2.1 - Offseason Strength Training (2-week cycle) 
Day One Day Two Day Three 
IORM 8RM 12RM 
3 sets 3 sets 3 sets 
Overhead Dumbbell Squat Dumbbell Split Squat Leg Press 
Bench Dips Bench Press Incline Dumbbell Bench Press 
Seated Cable Row One-arm Dumbbell Row Lat Pulldown 
EZ Bar Bicep Curls Seated Dumbbell Shoulder Press Machine Hamstring Curl 
Single-leg Calf Raise Back Extensions Dumbbell Upright Row + Bicep 
EZ Bar Upright Row Curl 
Day One Day Two Day Three 
IORM 12RM 8RM 
3 sets 3 sets 3 sets 
Leg Press Bent-over Dumbbell Raises Bench Press 
Dumbbell Split Squat Dumbbell Pull-overs One-arm Dumbbell Row 
Back Extensions Lateral Dumbbell Raises Seated Dumbbell Shoulder Press 
Machine Hamstring Curl EZ Bar Bicep Curls Seated Cable Row 
Knee Extensions Cable Tricep Pushdown EZ Bar Upright Row 
Single-leg Calf Raise Dumbbell Front Raises Dumbbell Bicep Curls 
Elastic Tubing Shoulder Rotation 
Anthropometric Measurements 
Prior to the study period and at its completion, body mass was recorded and sum 
of five skin folds was taken for each player. The five sites measured were biceps, 
triceps, subscapular, suprailiac, and abdomen. An experienced practitioner 
undertook the skin fold measurements at both test occasions, using methods 
consistent with the guidelines set out by Harman & Pandorf (2000). 
Strength Tests 
Testing was undertaken at the end of the previous season, prior to the training 
period, and at its completion. For three lifts, 3-RM strength scores were assessed, 
using the procedures described by Baechle et al (Baechle et al, 2000). The test- 
retest reliability of isoinertial repetition maximum strength testing is well 
documented, with intraclass correlation coefficients typically reported in the range 
of r=0.92-0.98 in trained subjects (Abernethy et al, 1999, Matuszak et al, 2003). 
The lifts tested were deadlift, bench press and bench pulls, to assess lower body 
strength and upper-body pushing and pulling strength, respectively. 
These 
particular lifts were selected on the 
basis that players had prior experience 
performing these tests, having used them 
for strength testing previously. Deadlift 
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and bench press are commonly used powerlifts and were executed in the standard 
manner outlined by Earle & Baechle (2000). The bench pull is performed with the 
subject prone, on a bench supported by the cross pins on a box squat rack. For this 
test a repetition is deemed successful if the barbell is raised within a designated 
distance of the underside of the bench. 
For all lifts, instructions to subjects were to aim to complete three repetitions. If 
the subject was able to complete three repetitions at their maximal weight, their I- 
RM was estimated from the factor derived from RM tables (Baechle et al, 2000). 
If subjects failed after two repetitions, predicted I -RM score was likewise derived 
from the corresponding RM table factor (Baechle et al, 2000). In the case that 
subjects failed after one repetition, this value was taken as the player's I-RM. 
High correlations are reported between predicted and measured 1 -RM, especially 
when the predicted score is taken from tests with low repetitions (Abernethy et al, 
1995). 
Circuit-based Strength Training 
The circuit strength training workouts for each training microcycle are displayed 
in Tables 4.2.2.1 to 4.2.2.5. According to the goal of the respective microcyýcle, 
exercise order and rest periods were manipulated to allow a specific amount of 
recovery time between consecutive lifts with the same muscle group(s). Core 
stability exercises were performed at the conclusion of each circuit to provide rest 
between sets. In terms of exercise order, Olympic and multi-joint lifts were placed 
first in the circuit to ensure they were performed when the lifter was fresh at the 
start of the workout and rested following the active rest between circuits during 
later sets. Strength training was performed first in the day to minimise interference 
effects of other conditioning and team practices (Leveritt & Abernethy, 1999, 
Baker, 2001). Volume load was calculated for each weekly microcycle, according 
to the formula below (adapted from Stone et al, 1999): 
Intensity (equivalent %I -RM) x Number of Sets x Number of Exercises in Circuit 
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The weekly volume load values were calculated as the sum of volume loads for all 
workouts performed in each respective week, presented in Table 4.2.3. 
Table 4.2.2.1 - Hypertrophy Cycle (Preseason Weeks 1-2) 
Monday Wednesday Friday 
8RM 12RM 1ORM 
4 sets 3 sets 4 sets 
Snatch Pull Bent-over Dumbbell Raises Deadlift 
Bench Press Dumbbell (straight-arm) Pull-over Incline Dumbbell Bench Press 
Parallel Back Squat Dumbbell Front Raise Barbell Bench Row 
Bent-over Barbell Row Dumbbell Bicep Curls Dumbbell Lunge 
Dumbbell Split Squat EZ Bar Tricep Extension One-arm Dumbbell Row 
Back Extensions Dumbbell Lateral Raise Wide-grip Dips 
Single-leg Calf Raise Elastic Tubing Shoulder Rotation 
I 
Dumbbell Step Up 
Monday Wednesday Friday 
8RM 1ORM 12RM 
4 sets 3 sets 3 sets 
Hang Clean Incline Dumbbell Bench Press Front Squat 
Bench Press Barbell Bench Row Back Extension 
Deadlift Standing Dumbbell Shoulder Dumbbell Split Squat 
One-arm Dumbbell Row Press Single-leg Calf Raise 
Dumbbell Step Up One-arm Dumbbell Row 
Standing Dumbbell Shoulder Narrow-grip Dips 
Press Dumbbell Upright Row + Bicep 
Single-leg Knee Extension Curl 
Table 4.2.2.2 - Strength Cycle (Preseason Weeks 3-4) 
Monday Wednesday Friday 
6RM 8RM 7RM 
3 sets 3 sets 3 sets 
Snatch Pull Single-arm Lat Cable Pull-down Stop Clean 
Bench Press EZ Bar (straight-arm) Pull-over Incline Dumbbell Bench Press 
Split Jerk Dumbbell Lateral Raises Dumbbell Push Press 
Barbell Bench Row Dumbbell Bicep Curls Front Squat 
Deadlift EZ Bar Tricep Extension One-arm Dumbbell Row 
Single-arm Cable Fly Dumbbell Front Raise Dumbbell Overhead Split Squat 
Elastic Tubing Shoulder Rotation 
Monday Tuesday Friday 
5RM 8RM 6RM 
4 sets 3 sets 3 sets 
Stop Clean Incline Dumbbell Bench Press Clean + Split Jerk 
Bench Press Bent-over Barbell Row Bent-over Dumbbell Raise 
Push Press Standing Dumbbell Shoulder Deadlift 
One-an-n Dumbbell Row Press Dumbbell (straight-arm) Pull-over 
Parallel Back Squat One-arm Dumbbell Row Dumbbell Single-arm Overhead 
Back Extensions Bicep Curls Lunge 
Dumbbell Upright Row Dumbbell Front Raise 
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Table 4.2.2.3 - Strength & Power Cycle (Preseason Weeks 5-6) 
Monday 
5RM 
4 sets 
Bench Press 
Barbell Bench Row 
Standing DB Shoulder Press 
One-arm Dumbbell Row 
Dips 
Dumbbell Upright Row 
Monday 
4RM 
Wednesday 
6RM 
Friday 
5RM 
4 sets 3 sets 3 sets 
Stop Snatch Pull Swiss Ball Hyper Push Up Stop Snatch 
Bench Press Resisted Hip/Knee Drive incline Dumbbell Bench Press 
Clean + Split Jerk Bent-over Dumbbell Raise Clean + Push Press 
One-arin Dumbbell Row Overhead Split Squat Barbell Bench Row 
Deadlift Dumbbell Upright Row + Bicep Curl Front Squat 
Table 4.2.2.4 - Power Cycle (Preseason Week 7 -Training Camp) 
Day One 
6RM 
4 sets 
Power Clean 
Bench Press 
Stop Clean + Press 
Parallel Back Squat 
Wide-grip Chins 
Seated Cable Row 
Table 4.2.2.5 - Peaking Cycle (Preseason Week 8) 
Day One 
4RM 
4 sets 
Stop Snatch Pull 
Incline Dumbbell Bench Press 
Stop Clean + Press 
Barbell Bench Row 
Parallel Back Squat 
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Table 4.2.3 - Weekly Volume-load Values 
Week Number of Workouts 
Weekly Sum of 
Volume-Loads 
Off-season Weeks I and 3 3 35.7 
Off-season Weeks 2 and 4 3 42.0 
Preseason Week 1 3 57.5 
Preseason Week 2 3 43.9 
Preseason Week 3 3 47.0 
Preseason Week 4 3 50.6 
Preseason Week 5 1 20.9 
Preseason Week 6 3 43.8 
Preseason Week 7 1 20.4 
Preseason Week 8 1 18.0 
9"Vý -- -. 
aratistical Analysis 
Repeated measures ANOVA were used to examine changes at each test occasion 
for the three strength tests. In the case of significant effect, contrasts were used to 
identify differences for the strength measures between each test occasion. 
Differences between test occasions were considered statistically significant at 
p<0.05. 
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4.2.3. Results 
Strength test results are presented in Table 4.2.4. Repeated measures ANOVA 
revealed a significant effect for all three lifts assessed. For all lifts there was no 
significant difference between end of season testing results and pre test scores. 
Table 4.2.4 - Strength Test Scores 
TEST N 
End Season Pre Post % Change 
(mean ±SD) (mean ±SD) (mean ±SD) Pre-Post 
Deadlift, kg 13 180.8 ±20.2 183.3 ±21.4 189.7 ±23.4**t 3.5% 
Bench Press, kg 26 127.4 ±16.4 126.7 ±16.4 131.0 ±17.0*t 3.4% 
Bench Pull, kg 23 105.3 ±12.7 104.8 ±13.1 110.4 ±12.0**t 5.3% 
Significant difference vs End Season (p<0.01) 
Significant difference vs End Season (p<0.05) 
Significant difference vs Pre (p<0.01) 
Only thirteen players were able to complete deadlift testing on all three test 
occasions. This reflected previous data reporting that the lower limb is the most 
common site of injury in rugby football players (Bathgate et al 2002, Garraway et 
al. 1999, Wilson et al, 1999). These are typically sustained in collision phases, 
hence are commonly termed tackle injuries (Wilson et al, 1999). Simple and 
repeated measures contrasts for their data revealed post test deadlift scores were 
significantly improved both in comparison to pre-tests (P<0.01) and end season 
scores (p<O. 0 1) (Figure 4.2.1). There was no significant difference between scores 
at the end of the previous playing season and the pre test results six weeks later 
for this lift. 
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Figure 4.2.1 - Deadlift 1-RM Strength Test Scores 
t Significant difference vs Pre (p<0.01) 
Significant difference vs End Season (p<0.01) 
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Bench press scores for the twenty-six players able to complete all test occasions 
were significantly improved following the training period (p<0.01). Likewise, 
repeated measures contrasts identified that post test bench press scores were 
improved relative to end season scores, albeit to a lesser extent (p<0.05) (Figure 
4.2.2). 
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Figure 4.2.2 - Bench Press 1-RM Strength Test Scores 
t Significant difference vs Pre (p<0.01) 
Significant difference vs End Season (p<0.05) 
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Twenty-three subjects completed bench pull testing on all three test occasions. 
Repeated measures contrasts revealed post test scores for the bench pull test were 
significantly improved both in comparison to pre-tests (p<0.01) and end season 
scores (p<0.01) (Figure 4.2.3). 
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Figure 4.2.3 - Bench Pull 1-RM Strength Test Scores 
t Significant difference vs Pre (p<0.01) 
Significant difference vs End Season (p<0.01) 
Body mass and sum of skinfold measures pre- and post-training are presented in 
Table 4.2.5. There was a slight but significant decrease in body mass (: 4kg) over 
the training period (p=0.031). There was no significant change in sum of skin 
folds. 
Table 4.2.5 - Anthropometric Measures 
Pre Post 
p value 
(mean ±SD) (mean ±SD) 
L-0 Body Massq g 101.0 ±15.3 100.0 ±14.1 0.031 
Sum of Skinfolds, mm 60.5 ±19.1 60.1 ±16.2 ns 
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4.2.4. Discussion 
Strength training in a circuit format proved to be successful in improving strength 
scores for the three lifts following the preseason training period. The gains in 
strength were in the absence of any gains in lean body mass during the period, 
thus appear to have been due to neural factors and possibly qualitative changes in 
muscle proteins (Harris et al, 2000). End of season testing strength scores were 
maintained when measured at the beginnmg of the preseason strength training 
period, indicating that the off-season maintenance program was effective. 
Gains in bench press (12.6%) and leg press I-RM (18.9%) have been reported 
previously with college-aged American football players following a strength- 
endurance oriented (8-12RM) multi-set program performed in a circuit fashion 
(Kraemer, 1997). Relative to end of season values, the magnitude of increase in 
bench press 1-RM (p<0.05) did not reach the same level of statistical significance 
to those for the bench pull and deadlift (p<0.01, respectively). Lesser gains 
exhibited by strength trained team sports athletes for the bench press lift have 
been observed previously (Hoffman et al, 1990). The authors attributed this to 
athletes' tendency to place emphasis on the bench press in their previous training. 
The average increases in squat I -RM reported with the college-aged players in the 
previous study (7.3-7.5%) were broadly similar to the gains in deadlift I-RM in 
the current study. The gains in lower body strength (deadlift I-RM) recorded in 
the current study likewise resemble average increases in back squat I-RM (5.3- 
11.2%) reported elsewhere following a ten week periodised off-season strength 
training program in college American football players (Wilder et al, 2002). In 
support of the contention that the circuit strength training format favours whole 
body training effects, lower body strength and upper body strength for the pushing 
and pulling movements were all significantly improved. 
To the author's knowledge this is the first published study to quantify strength 
training responses of elite rugby union players. Inevitably, there is a trade-off 
between attaining access to elite sub ects and the scientific rigour it is possible to j 
impose. In the context of professional sport it is difficult to justify interfering with 
athletes' training and development 
for the sake of experimental investigation 
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(Rienzi et al, 2000). Counterbalanced study design requires a control group to act 
as a baseline for comparison. No coaching staff would consent to having half their 
squad perform entirely different training, or even no training at all, to satisfy 
experimental protocol. The reality is it that it would be untenable to disrupt the 
preparation of a professional team to this extent in view of the financial rewards 
and consequences of failure (i. e. relegation and possible economic failure) 
contingent on the team's performance in the subsequent season. As a collision 
sport, levels of lean body mass and muscularity are significant correlates to 
success in rugby union football (Olds, 2001). Strength and power scores likewise 
discriminate elite players from those at lesser levels (Baker, 2001, Baker, 2002, 
Duthie et al, 2003). Given this crucial importance, individual players would be 
opposed to having their position on the squad and chances of selection j eopardised 
in the event they may have been assigned to the 'wrong' experimental group, and 
received inferior physical preparation to other players in their position as a result. 
Such considerations likely contribute to the paucity of data from elite team sports 
athletes in particular. The absence of contemporary data concerning strength 
levels of elite players in rugby union football has been recently highlighted 
(Duthie et al, 2003). The lack of studies denies any opportunity for comparison of 
the current findings to existing data. Furthermore, recent data suggest that 
competitive athletes show different dose-response relationships with regard to 
strength training in comparison even to strength trained non-athletes (Peterson et 
al, 2004). It appears that a continuum exists in terms of optimal training variables 
for maximal strength gains, which is dependent on the training status and training 
experience of the individual (Rhea et al, 2003, Peterson et al, 2004). Elite athletes 
appear to exist further along this dose-response continuum, hence require 
considerably different intensity, frequency and volume of strength training to 
maximise strength gains (Peterson et al, 2004). 
This consideration raises questions regarding the relevance of findings in the 
strength training literature based on investigations involving non-athletic 
populations, even using subjects with strength training experience (Peterson et al, 
2004). There is a critical need to gather data pertaining specifically to athletes, in 
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particular those engaged in team sports. Obtaining access to elite athletes is likely 
to require some compromise in terms of study design (Millet et al, 2002). Only in 
this way will it be possible to provide an objective alternative to the ongoing 
reliance of strength and conditioning coaches working in many team sports on 
their own observations and personal experience as the primary basis for selection 
of training modes and methods (Kraemer, 1997). 
The lack of detraining evident prior to the circuit strength training intervention 
supports the assumption that the subsequent improvement in strength scores for 
the three lifts can be attributed to the effectiveness of the training per se. Had the 
subjects entered the training period in a detrained state, it could have been argued 
any form of systematic strength training would likely improve strength scores. 
The success of the circuit training forinat is reinforced by the observation that the 
weekly sum of volume-loads was actually less for three of the eight weeks' 
preseason circuit strength training program, in comparison to the off-season 
strength training undertaken (Table 4.2.3). 
Given the time constraints imposed by extended playing seasons and high 
volumes of concurrent training and team practices common to all professional 
team sports, the efficiency and effectiveness of physical preparation is paramount 
(Peterson et al, 2004). This is particularly the case for rugby football, given the 
potential for interference effects from concurrent metabolic conditioning (Leveritt 
& Abernethy, 1999) and disruption due to the physical stresses of bodily contact 
during practices and matches (Hoffinan & Kang, 2003). Both of these 
complications place even greater emphasis upon the effectiveness and efficiency 
of strength training. The reported gains in strength scores were achieved in a 
relatively short time (eight weeks) and with a limited number of strength training 
sessions, eighteen in total. 
One of the benefits of the circuit format is that it is more time-efficient (Baechle et 
al, 2000). The time-efficieney of the circuit approach proved particularly 
advantageous during the latter stages of the preseason training period, due to 
warm-up games and increasing volumes of concurrent training and team practices. 
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In the second half of the study period only one weekly strength training session 
was undertaken during three of the final four weeks of preseason (Tables 4.2.2.1 - 
5). By virtue of the fact that the lifter is able to train other muscle groups during 
what would be a rest interval under the classical sequential format, a higher 
volume of work can be performed in the allotted time. All of the strength training 
sessions were completed within the one-hour training slot allocated, which 
anecdotally would not have been possible using the traditional approach. 
Maximising the content of each workout is similarly key given the need to 
develop strength and power for a myriad of movements required for rugby 
football. In terms of practicality, the circuit approach favours training large 
number of athletes (Fleck & Kraemer, 1997 Baechle et al, 2000), and fits the need 
for the playing squad to perform a large volume of training within a restricted 
time. 
Kraemer (1997) reported improvements in strength endurance (number of 
repetitions the subject was able to complete at 80 or 85% I-RM) with American 
football players following a multi-set strength training at 8-12RM, performed in a 
circuit fashion. This was attributed in part to improvements in lactate buffering 
and whole body acid-base balance associated with the circuit format (Kraemer, 
1997). The capacity to activate musculature under conditions of fatigue has been 
identified as a trainable quality (Behm, 1995). Under conditions of fatigue trained 
individuals appear to have superior ability to fully activate the fatigued muscle 
groups (Behm, 1995). The circuit strength training fortnat involves all exercises in 
the workout being performed under similar conditions of progressive fatigue. This 
characteristic may favour training adaptations involving neural factors associated 
with the ability to more fully activate fatigued muscles. It is reported that when 
conventional periodised off-season training moves into strength and power 
phases, improvements in anaerobic performance (repetitions completed with 80% 
load) are halted (Wilder et al, 2002). In the current study, strength- and power- 
oriented microcycles in the training period were also performed in the circuit 
format. The present study did not include any measure of strength endurance. 
However, it seems reasonable to expect the continued use of the circuit format 
throughout the preseason training period should elicit similar or greater 
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adaptations in strength-endurance and power-endurance to those observed 
previously (Kraemer, 1997). 
All the intensity prescriptions for the preseason strength training period were 
based upon repetition maximum (RM) loads, for the stipulated number of 
repetitions. It has been shown that with adequate rest (3 minutes) between sets, 
RM loads can be lifted repeatedly (Kraemer, 1997). The crucial factor influencing 
capacity to repeatedly perform sets at RM load was identified as rest period 
between sets. When rest is reduced, ability to perform the prescribed number of 
repetitions at the RM load may be compromised (Kraemer, 1997). The sequential 
approach of lifting the prescribed sets for one lift before moving onto the next 
exercise may lead to insufficient rest between sets to successfully complete the 
stipulated repetitions with the RM load. Players typically self select rest between 
sets and may rush through the sets in a effort to perform all the exercises within 
the limited time allotted for the workout. The circuit format described avoids this, 
as the muscle groups involved in a particular lift are allowed to rest whilst the 
player completes the intervening exercises in the circuit, and core exercises 
between circuits, prior to performing next set. Examination of the players' training 
logs revealed that they were able to maintain or progress the load from the first set 
(excluding warm-up set) to the last, for all lifts. Manipulations to the traditional 
set configuration for Olympic lifts (adopting short rest intervals between 
consecutive repetitions) have proven to reduce impairments in lifting kinematics 
in successive repetitions in a set, by reducing residual fatigue (Haff et al, 2003). It 
is possible that the circuit format may allow similar enhanced lifting kinematics 
by offsetting fatigue between consecutive sets of a particular exercise. 
Hypothetically, the combination of high loads and elevated blood lactates when 
training in the circuit format should favour augmented responses in the anabolic 
hormones testosterone and growth hormone, respectively (Kraemer, 2000). In 
fact, there were no changes noted in body composition and a slight but significant 
reduction in body mass. This finding is in contrast to the significant gains in lean 
body mass in college-aged American football players reported in response to ten 
weeks' off-season strength training 
(Wilder et al, 2002). This is perhaps 
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unsurprising given the relatively low weekly training frequency for much of the 
training period in the current study. In addition to the younger subject group, 
training frequency in the latter study was also higher (four days per week) (Wilder 
et al, 2002). It has been identified that quite extreme training frequencies (four and 
five days per week) are required to elicit body mass gains in college-aged 
American football players experienced in strength training (Hoffinan et al, 1990, 
Kraemer, 1997). It is probable the total weekly volume of work featured in the 
current study was insufficient to elicit significant increases in lean body mass in 
this group of athletes, given their advanced training status, and the volume of 
concurrent metabolic conditioning. 
I.. In terms of training specificity, the circuit fonnat bears closer resemblance to the 
physical demands of match play. As opposed to performing repeated sets with a 
single movement consecutively, the circuit approach alternates movements and 
muscle groups in a way that is closer to the intermittent nature of rugby football. 
Theoretically, this more closely approximates the demands of match play, 
whereby a player is required to repeatedly develop high levels of strength and 
power for a wide variety of muscular actions in an unspecified order. The 
performance benefits of this observed specificity is an aspect that warrants further 
study. 
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4.2.5. Practical Applications 
Crucially the data presented represent a first step in providing a body of evidence 
pertaining to the specific training responses of elite-level professional rugby union 
players. Further data from this population is required to gain greater insight and 
identify the optimal training parameters for this group of athletes. Maximising the 
content and effectiveness of strength training sessions available within the 
constraints of concurrent training and practices is of great practical importance to 
both players and coaches in rugby football. The present study represents a first 
step in providing data in support of the efficacy of the circuit approach to strength 
training. Further studies are required to gather equivalent data, employing 
conventional strength training approaches with rugby football players of a similar 
standard, to allow direct comparisons to be made between the respective strength 
training formats in these athletes. 
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POWER TRAINING 
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5.1. Overview 
There are two major schools of thought regarding training methods to develop 
explosive muscular power. Some proponents have suggested it is sufficient to 
solely develop force-developing capabilities (i. e. strength) for the target 
movement (accounting for the force element in the force x distance / time 
equation for power) and then transfer the gains in strength by subsequent practice 
with the particular athletic activity (Kraemer, 1997). Power output for a given 
movement is dependent in part on strength. However, this leaves a significant 
portion of the variance unaccounted for (Baker & Nance, 1999a), particularly for 
movements featuring lighter resistance (Stone et al, 2003a). 
The efficacy of specific power training is demonstrated by the observed 
improvements in explosive performance (e. g. jump-and-reach height) documented 
in elite athletes with short-term power training interventions in the absence of any 
maximal strength gains (Newton et al, 1999). Likewise, Olympic lifts have been 
found to increase concentric power (squat jump height) in elite strength athletes 
(champion weightlifters) (Hakkinen et al, 1987). This is particularly significant, as 
traditional heavy resistance training is relatively ineffective in developing lower 
body power (vertical jump height) in trained power athletes, despite significant 
concurrent gains in 1 -RM strength (Baker, 1996). 
Such considerations led to the genesis of a multidimensional construct for 
explosive muscular power. Several discrete elements of the neuromuscular system 
have been isolated, all of which influence power output (Newton & Kraemer, 
1994, Newton, 2002). Each of these individual components of the neuromuscular 
system can be considered trainable. Mixed methods training strategies propose 
employing a range of training modalities to specifically train each neuromuscular 
capacity implicated in the expression of explosive power. These factors, targeted 
via appropriate training, can individually contribute to the development of 
explosive power capabilities (Newton & Kraemer, 1994). 
Evidence as to the efficacy of mixed methods training is seen by the superior 
results elicited by combination training 
in comparison to either high force or high 
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power training (Harris et al, 2000). Greater gains are reported with strength 
trained athletic subjects (college American Football players) on a wider range of 
performance measures representative of a broader spectrum of the force/velocity 
curve in response to a combination of both high-force and high-velocity 'power' 
training. Performed individually,, the effects of high force training are limited to 
gains in maximal strength (I-RM) and heavy load speed-strength (hang pull I- 
RM) measures, with no impact on dynamic athletic measures. Conversely, the 
high-velocity 'power' training resulted in gains in dynamic measures, with no 
impact on heavy load capabilities (Harris et al, 2000). Interestingly combination 
training not only yielded the benefits associated with both single training modes, 
but also produced gains on measures (ten yard shuttle agility run and average 
vertical jump power) not seen with either high-force or high-velocity training 
alone (Harris et al, 2000). Adaptation to high force or high velocity training 
performed in isolation by strength trained athletes is reflected in performance 
measures that are restricted to the region of the force/velocity curve that 
characterised the training. Furthermore, combined methods are observed to be 
most effective in developing vertical jump height (the standard measure of lower 
body power production) (Baker, 1996). Superior performance effects of combined 
training were attributed to exploiting different avenues of explosive performance 
development simultaneously. 
The individual elements that have been implicated in the expression of explosive 
muscular power will be discussed in turn. 
5.1.1. Factors in the Expression of Explosive Muscular Power 
Rate of force development (RFD) describes the ability to develop force within a 
limited time frame. This component represents the slope of the force/time curve 
for a muscular action (Newton & Dugan, 2002). Accordingly it is associated with 
the ability to achieve rapid acceleration for a given movement (Stone, 1993). The 
time interval for force development in many athletic movements is very brief - 
typically within 300 ms (Newton & Kraemer, 1994). On this basis RFD has been 
identified as possibly the most important capacity influencing athletic 
performance (Wilson et al, 1995). It follows that the time 
in which to develop 
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force allowed by the training exercise must be similarly brief to train the 
neuromuscular system to develop maximal force across these shorter time frames. 
An illustration of this is that the closer the time interval of a given dynamic 
strength measure to the contact time observed for an athletic movement the 
greater the correlation to performance (Young et al, 1995). Motor unit firing rates 
are appreciably higher during the short window for force development associated 
with maximal ballistic concentric actions (Hedrick, 1993, Behm, 1995). 
Traditional heavy strength training would appear to be unsuitable for developing 
this RFD component; a heavy barbell squat for example can take around 1.5-2 
seconds to complete the concentric portion of the movement (Baker, 2001d). 
Under certain conditions improvements in isometric RFD have been noted 
following isometric training in non-athlete subjects (Behm & Sale, 1993), 
however the relevance to athletic performance of both isometric training 
(Morrisey et al, 1995) and isometric measures of RFD (Wilson et al, 1995) have 
been questioned. 
Slow velocity (I -RM) strength is required at the initiation of any explosive 
movement to overcome inertia at zero or low movement speeds (Stone, 1993). 
Maximum strength has a major influence on the initial rate at which force is 
developed early in the movement (Stone et al, 2003). Maximum strength is a key 
element in power output for gross motor actions involved in athletic movements. 
For locomotion and jumping movements in particular, even in the absence of 
external resistance, there is a significant inertia component. Hence high 
correlations are observed between I -RM strength and power output even for 
unloaded jumps. Furthermore, slow velocity strength development influences the 
relative resistance at which peak mechanical power output is manifested. Subjects 
with greater strength training levels exhibit peak power output against heavier 
resistance (40% 1 -RM vs 10% 1 -RM) during dynamic movements (loaded 
vertical jumps) than individuals with little or no prior strength training experience 
(Stone et al, 2003a). 
High-velocity strength, or speed-strength, is the ability to exert force at high 
contraction velocities. Increases in maximum strength are of limited relevance if 
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the athlete is unable to express this greater force at the movement velocity 
encountered in competition (Hedrick, 1993). The neuromuscular basis for 
improvements in force development at higher velocity regions of the force- 
velocity curve are neural adaptations in the capability to preferentially recruit 
high-threshold motor units (Stone, 1993, Cronin, 2001) and the capacity of these 
motor units to fire rapidly for short intervals (Hedrick, 1993). 
Stretch-shortening cycle ('SSC') comprises series elastic contractile and 
connective tissue elements and neural potentiation via the stretch reflex. Stretch- 
shortening cycle performance characteristics are found to be independent of 
maximal muscle strength in highly trained athletes (Plisk, 2000). SSC 
performance in part depends on the capacity of the musculoskeletal complex to 
store and use elastic tension (Yessis, 1994, Newton et al, 1997). The neural 
component underlying the augmentation of power output immediately following 
pre-stretch is associated with the 'stretch reflex'. This is a peripheral reflex at 
local spinal level that acts to stimulate the stretched muscle to contract, in an 
attempt to return the muscle to its previous length (Potach & Chu, 2000). This 
stretch reflex-mediated neural drive is superimposed upon voluntary drive to the 
agonist muscles, which leads to augmentation of power output in the subsequent 
concentric phase (Newton et al, 1997). 
The final component of explosive power is neuromuscular skill. This encompasses 
both inter-muscular and intra-muscular co-ordination. Intermuscular coordination 
concerns the interaction between agonist, synergist and antagonist muscle groups 
(Newton & Kraemer, 1994). Broadly, intramuscular co-ordination comprises the 
recruitment and firing of motor units of muscle groups involved in the movement. 
This encompasses both excitatory and inhibitory inputs to the muscles (Cronin et 
al., 2001). 
5.1.2. Development of Explosive Muscular Power Capabilities 
The neuromuscular firing patterns observed during strength-oriented and 
explosive movements are reported to be grossly different (Ives & Shelley, 2003). 
In the case of gross muscle actions, speed-strength exercises have been identified 
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as the optimal means to target the elements of explosive power production 
described. As implied in their title, speed-strength exercises combine both high 
force (strength) and high velocity (Hydock, 2001). Speed-strength exercises are 
characterised by maximal rates of force development (Hedrick, 1993) throughout 
the movement range of motion (Stone, 1993). These power-oriented exercises 
have thus been termed 'full acceleration' exercises (Baker, 2003). 
Speed-strength training is associated with preferential hypertrophy of high- 
threshold Type 11 muscle fibres (Stone, 1993). Intent is key to the neural factors 
underlying the adaptations in high-velocity strength and rate of force development 
associated with speed-strength training (Behm & Sale, 1993). Due to their 
explosive nature, speed-strength exercises are more suited to evoke explosive 
intent. In the case of conventional strength training lifts such as the bench press, 
athletes must be coached to make a conscious effort to lift with explosive intent to 
optimise training responses on explosive power scores (Jones et al, 1999). When 
subjects are left to self-select lifting velocity gains in strength and power 
following training are reportedly reduced by half (Jones et al, 1999) 
5.1.3. Olympic Weightliffing 
Olympic lifts are classified as speed-strength exercises. These lifts are unique in 
that the resistance (a barbell) is accelerated up the natural line of the body 
(Kraemer, 1997), so the lifter's feet merely come off the floor in the event that the 
barbell is still travelling upwards at the termination of the pulling phase. Likewise, 
gravity acts to decelerate the load, all of which means the neuromuscular system 
does not have to intervene to brake the motion of the barbell. Average mechanical 
power output values reported for the Olympic lifts are 300OW for Snatch and 
2950W for the clean, which are nearly three times greater than for back squat or 
Deadlift (approximately 11 OOW) (Stone, 1993, Garhammer, 1993). Peak power 
output, measured during the 'second pull' phase, can be five times greater 
(550OW) (Stone, 1993). Elevating the athlete's own centre of mass represents a 
significant component of the work done when performing Olympic lifts 
(Garhammer, 1993). Peak propulsion forces for these lifts are similarly 
comparable to those during jumping movements (Stone, 1993). 
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Olympic lifts predominantly develop contractile elements, as opposed to SSC 
components, and this mode of speed-strength training primarily develops 
concentric performance. Observations of a year"s weightlifting training in elite 
weightlifters registered significant improvements in unloaded and loaded squat 
jump height in the absence of any significant change in countermovement jump 
height (indicative of SSC performance) with equivalent loads (Hakkinen et al, 
1987). Elite weightlifters record some of the highest squat jump heights of all 
power athletes. Similarly, these athletes also exhibit very small differences 
between squat jump and countermovement jump scores, indicating limited SSC 
augmentation ofjumping performance (Baker, 1996). 
The unique nature of Olympic lifts allows heavy loads to be handled in an 
explosive fashion (McBride et al, 1999). This enables speed-strength and 
maximum strength elements to be developed simultaneously. In accordance with 
this, Olympic lifters exhibit equivalent strength scores in addition to superior 
dynamic power scores to powerlifters (McBride et al, 1999). That said, Olympic 
lifters also perform classic strength oriented lifts in their training, which 
contributes to their strength development. On the basis of their biomechanical 
similarity and comparable time frames for concentric force production, Olympic 
lifts are routinely used in athletes' physical preparation as a means to replicate 
sport specific movements (Souza et al, 2002). Olympic lifts also offer the 
ancillary benefit of lesser impact forces to those experienced with other ballistic 
speed strength training modes when landing (e. g. Jump Squats) (Stone, 1993). 
5.1.4. Ballistic Resistance Training 
Ballistic resistance exercises represent the other major speed-strength training 
modality. This form of training is unique in that the load is released or projected 
into free space at the end of the movement. It is this characteristic that makes 
ballistic resistance training superior to conventional strength training exercises in 
developing elements of explosive muscular power (Cronin et al, 2003). Projection 
of load is identified as the most important 
factor influencing peak power output 
for a given training movement (Cronin et al, 
2001). This is reflected in greater 
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average and peak velocities with upper body movements for a range of loads (30- 
60% 1-RM) under conditions where the load is projected into free space (Cronin 
et al, 2003). Releasing the load at the end of the range of motion enables the 
resistance to be accelerated for longer; thereby greater movement velocities are 
produced as peak velocity is achieved later in the movement (Newton et al, 1996, 
Cronin et al, 2003). 
Conventional strength training modes are unsuitable for explosive training as they 
require the load to be brought to a stop at the end of the range of motion. 
Attempting to use traditional strength training exercises in an explosive fashion 
(lifting the load as rapidly as possible, keeping hold of the barbell at the 
termination of the movement) has been shown to be counterproductive (Newton et 
al, 1996). Lifting lighter 'power training' loads (45% 1 -RM) in this manner results 
in a significant deceleration component, which can be up to 40% of the range of 
motion (Newton et al, 1996). As a result, in the case of the bench press, beyond 
the initial 10% of the range of motion at the initiation of the concentric movement, 
both force and velocity are less than the corresponding values for the ballistic 
bench throw at equivalent loads (Newton et al, 1996). This is accompanied by a 
loss of motor activity in agonist muscles, reflected in reduced EMG recorded for 
the bench press versus bench throw movement at these loads (Newton et al, 1996). 
Antagonist co-contraction is likewise increased when explosively performing the 
bench press exercise, particularly with light loads (Cronin et al, 2001). As a result, 
the training stimulus is compromised for the affected portion of the movement 
(Cronin et al, 2001). Furthermore, efforts to lift a submaximal resistance with 
maximal acceleration results in the barbell gathering considerable kinetic energy, 
which will ultimately have to be absorbed by the muscles and joints at the end of 
its range of motion (Kraemer et al, 1994). Attempting to use conventional strength 
training exercises in this manner therefore engenders the risk of injury. 
It has been contended that ballistic training with Tmax, loads that maximise 
mechanical Power output is the optimal means of developing explosive muscular 
power (Wilson et al, 1993, Baker et al, 200 1 a, Baker et al, 200 1 b). These methods 
have been proven effective in developing power output and scores for dynamic 
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athletic performance (Wilson et al. 1993). However, employing Pmax training 
modes in isolation tends to neglect the principles of specificity. Whereas a 
particular training load may be optimal for developing mechanical power output 
for a given movement, if the loading bears no relation to the resistances the athlete 
faces during competition, the transfer to performance if this is the sole training 
mode for developing explosive power appears questionable. It is similarly 
unlikely that training solely at Pmax resistance will provide optimal training 
responses at both extremes of the force/velocity curve, as suggested by some 
proponents (Cronin et al, 2001). Lower body intensive movements in particular 
are heavily dependent on maximum strength - reflected in the strong relationships 
between 1 -RM strength and loaded vertical jump scores even with light resistance 
(Stone et al, 2003a). Conventional heavy load strength training is thus necessarily 
an integral component of physical preparation for most athletes. The use of lesser 
resistances to Pmax during the course of plyometric and specific speed and agility 
training may also be required for optimal adaptation at the high velocity/low 
resistance portion of the force/velocity curve (Baker et al, 2001b). 
5.1.5. Plyometric Training 
Plyometrics are a special class of ballistic training that emphasises both SSC and 
eccentric components (MatavuIj et al, 2001). Plyometrics feature aspects of 
ballistic training benefits during the concentric phase, albeit often to a lesser 
extent than conventional ballistic exercises (Wilson et al, 1993). However, the 
major benefit of this training mode is that targeted plyometric training can 
develop the capacity to harness mechanical and reflex potentiation during the 
preparatory countermovement in SSC movements. Accordingly, the addition of 
plyometric training to the physical preparation of trained elite junior athletes is 
shown to elicit significant improvements in vertical jump performance in these 
athletes (Matavulj et al, 2001). 
The underlying mechanisms for improvements in SSC performance with repeated 
exposure to plyometric training appear to implicate descending neural input from 
higher motor control centres. Specifically, this descending input is postulated to 
modulate locally mediated inhibition of stretch reflex neural pathways (via Golgi 
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Tendon Organ) immediately prior to and during the pre-stretch phase. Plyometric 
training thus leads to 'disinhibition' of stretch reflex-mediated neural drive during 
the countermovement, which serves to augment power output in the subsequent 
concentric phase (Newton & Kraemer, 1994). Performance improvements appear 
to be manifested in enhanced force and RFD capabilities of the hip extensors and 
knee extensors (Matavulj et al, 2001). Plyometric training in the form of depth 
jumps can also evoke improvements in eccentric RFD with short-term progressive 
training at increasing drop heights (Wilson et al, 1996). This improvement in rate 
of eccentric force production is suggested to enhance storage of elastic energy in 
the musculo-tendinous unit. In this way it appears there is potential for mechanical 
improvement in SSC performance in response to progressive plyometric training 
(Wilson et al, 1996). 
One of the most notable applications of plyometric training is for sprinting. 
Sprinting is essentially a cyclic movement that comprises repeated stretch 
shortening cycles (Delecluse, 1997). Thereby there is a considerable series elastic 
component (SEC) contribution to power output and energy production, which 
becomes greater as velocity of locomotion increases (Delecluse, 1997). Similarly, 
the interval for force production during sprinting (dictated by foot contact time) is 
less than half that for vertical jumping, and much shorter than that allowed by 
speed strength training modes (Mero & Komi, 1994). This may be a factor in the 
frequent failure of speed-strength training studies to produce significant effects in 
sprint performance over longer distances (30-40m), despite concurrent 
improvements in vertical power measures and acceleration (10m sprint) 
parameters (Wilson et al, 1993, Lyttle et al, 1996, Harris et al, 2000). Cyclic 
horizontal bounding and jumping plyometric exercises therefore appear the most 
appropriate training modes to develop sprint capabilities. Bounding in particular 
features comparable horizontal propulsion forces, foot contact position and 
contact times, and muscle activation to those recorded during sprinting (Mero & 
Komi, 1994). Despite the extensive use of plyometric training in particular for 
lower body dominated athletic training, there is a lack of systematic investigation 
to determine the optimal load for plyometric exercises (Wilson et al, 1993). 
Standard methods for upper- and lower-body plyometric training are likewise yet 
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to be established empirically (Vossen et al, 2000). In the absence of such data, 
body weight is typically used as resistance due to convenience. This may 
contribute to the lesser improvements in concentric performance with 
conventional plyometric training exercises. 
5.1-6. Complex Training 
Complex training, or contrast loading, is a method often used in conjunction with 
ballistic or plyometric exercises. Essentially, contrast loading incorporates a 
heavier load strength oriented exercise prior to performing a full acceleration 
(typically ballistic) exercise (Young et al, 1998, Baker, 2003). This scheme is an 
attempt to harness transient mechanical and neural effects of the preceding heavy 
load to augment power output when the speed strength exercise is subsequently 
performed (Baker, 2003). To date, acute contrast loading effects have been most 
widely documented with lower body exercises, typically with jump squats as the 
target ballistic activity. Acute potentiation of dynamic lower body performance 
has been consistently observed with standing long jump, vertical jump and jump 
squat scores when performed immediately following a heavy load set with a 
strength-oriented lower body exercise, typically a squat (Young et al, 1998, Baker, 
2003). It appears that the primer lower-body exercise need not be a strength 
training exercise with heavy load; similar short-term performance enhancement 
has been observed by performing an intervening set at a heavier resistance with 
the same ballistic exercise (jump squats) (Baker, 2001). Significant positive 
correlation is reported between lower body strength and the degree of potentiation 
with contrast loading (Young et al, 1998). Hence, it appears the mechanisms 
underlying acute performance augmentation with this approach play an increasing 
role with advances in strength levels (Young et al, 1998, Baker, 2003). 
Data for upper body complex training has been more equivocal. It has recently 
been elucidated that a lesser load (, -ý65% bench press I-RM) for the primer 
exercise set appears to be more effective in producing enhanced power output in 
the subsequent target upper body power activity (Baker, 2003). This has been 
identified as the reason why previous studies featuring heavier upper-body 
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contrast loads (8 5 -90% bench press I -RM) did not observe any acute performance 
augmentation effect (Baker, 2003). 
Tension-sensitive mechanical and neural mechanisms have been identified as 
underlying the acute performance effects observed with contrast loading (Baker, 
2003). Mechanical factors are suggested to involve transient changes in stiffness 
of series elastic components within the musculotendinous unit. The preceding 
heavier load is taken to modify the stiffness of these elements in a way that is 
favourable to power output with the ensuing power activity (Baker, 2003). The 
various postulated neural mechanisms principally involve acute changes in 
autogenic inhibitory inputs to motor units involved in the movement. The general 
consensus is that higher motor centres exert some descending input to modify the 
various peripheral pathways involved. The probable mediating factors at the level 
of the motor unit are the Golgi tendon organ (GTO) and Renshaw cell. The net 
peripheral effects likely comprise reduced inhibitory input to the agonist muscles 
and increased reciprocal inhibition of antagonist motor units (Baker, 2003). These 
mechanical and neural effects are transient and are believed to dissipate within 
minutes of performing the heavy contrast load exercise (Baker, 2003). 
Due to the paucity of data regarding contrast loading, chronic effects associated 
with the use of complex training have to date received little research attention. As 
a result, possible mechanisms for any performance improvement elicited by the 
long-term use of complex training are yet to be determined. 
5.1.7. Coordination Training 
It is recognised that specific power training aimed at improving a particular aspect 
of athletic performance is only effective if muscular power developed through 
training transfers to performance of the particular athletic movement or sport skill 
(Harris, 2000). Power output for a given action exhibits learning effects with 
repeated exposure to the specific training movement (Ives & Shelley, 2003). In 
the case of fine motor skills, the training stimulus must feature a high degree of 
specificity to simulate the movement patterns and velocity encountered in 
competition in order to elicit improvements in power output for the particular skill 
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movement, particularly with experienced athletes (Newton & Kraemer, 1994). 
The concept of coordination training has been introduced to describe training 
modes that satisfy these criteria. Specifically, coordination training modes should 
allow coordination of agonist, synergist and antagonist force output for the pattern 
and velocity of movement featured in the particular athletic activity (Newton & 
Kraemer, 1994). 
A very high degree of specificity does however appear to be required. Despite the 
greater similarity noted for the force/time curve for the bench throw movement 
with regard to sport-specific movements, bench throw training was found not to 
offer any advantage to conventional bench press training in developing netball 
pass velocity in female players, despite the apparent greater biornechanical 
specificity (Cronin et al, 2001). Accordingly, successful coordination training 
modes typically apply resistance directly to the specific athletic movement. 
Pulleys have been used with some success for the over-arm throwing movement 
(Escamilla et al, 2000). Underweight and overweight versions of sports equipment 
have likewise been employed to offer a training stimulus Whilst performing the 
sports skill (van den Tillar, 2004). 
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Application of Olympic Lift Training to Develop Game-Related 
Power in Junior Academy Rugby Union Football Players 
5.2.1. Introduction 
A key factor in success when participating in rugby football is the capacity to 
generate high power output against large external resistance. Power measures for 
both lower body and upper body distinguish elite players from those at lesser 
levels (Baker, 2002, Baker, 2001b). Expression of explosive power involves a 
combination of high-force 'speed strength' and rate of force development (RFD). 
These properties can be trained concurrently via the use of Olympic lifts, which 
combine heavy loads and high velocity of movement (McBride et al, 1999). 
Hereby, the Olympic lifts are unique, and are defined as speed-strength exercises 
(Stone, 1993), on this basis that they feature both a force (strength) and speed 
component (Hydock, 200 1). 
Olympic lifts are identified as combining strength, power and neuromuscular 
coordination elements in a way that favours transfer to athletic activities, such as 
vertical jump performance (Kraemer et al, 2002). Cross sectional studies show 
athletes for whom training predominantly comprises Olympic lifts and their 
associated exercises exhibit superior performance on dynamic tests of muscular 
power (McBride et al, 1999). Of farther relevance to rugby football is that 
Olympic lifting ability is likewise shown to be highly correlated with 10m and 
40m sprint performance in rugby league players (Baker & Nance, 1999b). Typical 
sprinting distances during matches in rugby union football are reported to be 20m 
(Duthie et al, 2003). As a result, both these 'off-the-mark' and short-moderate 
distance sprint abilities are fundamental components of successful performance in 
rugby umon, particularly at elite level. 
The aim of the study is to examine the transfer of Olympic lift training to the ruck 
clean movement. This action is unique to rugby union, arising from the fact that 
possession of the ball is actively contested after each tackle 
is made (Gamble, 
2004). The effectiveness with which supporting players 'clean' opposing players 
from the vicinity of the tackled player is decisive in determining which team 
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subsequently secures possession of the ball. Developing explosive power for this 
specific action is thus fundamental to success in rugby union football. 
An Olympic lift training intervention was undertaken with junior academy-level 
rugby union players. The Clean Pull and Snatch Pull lifts were employed, which 
comprise the highest power output phase of the classical Olympic lifts; the 
4second pull' (Souza et al, 2002). The effect of the addition of these lifts to the 
athletes' training on mean power during a simulated ruck clean movement was 
assessed. It was hypothesised that the biomechanical and kinematic specificity of 
this form of power training would be reflected in superior gains on the game- 
related power output measure. 
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5.2-2. Methods 
Subjects 
Twelve junior academy rugby players (age 17.0 ±1.0 yrs; height 179.4 ±5.7cm; 
weight 88.2 ±11.8kg, mean ±SD) were matched for playing position and assigned 
to Olympic lift (OL) training group or control (CON) training group. All subjects 
were members of the regional elite player development group. One subject in each 
group failed to complete the study period, due to injury or absence. Hence, five 
subjects completed the OL training and testing, and five subjects completed 
training and testing in the CON group. 
Game-related Power Testing Apparatus 
Purpose built test apparatus (Grunt 3000, University of Otago, New Zealand) was 
used to derive power output for the simulated ruck clean movement. The 
apparatus consists of two vertical pads mounted upon a heavy-duty trolley on 
fixed wheels. The front of the trolley was attached via steel cables to a rigid bar, 
which in turn was connected by steel cables to a bungee cord. The opposite end of 
the bungee cord was attached at one end to a force transducer; the other end of the 
force transducer was bound to an inelastic canvas belt, which was anchored to a 
Figure 5.2.1. - Schematic of the Grunt 3000 
Rucking Test Apparatus 
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metal loop sunk into the floor (see Figure 5.2.1. ). 
Game-related Power Assessment 
Testing was undertaken in the week prior to the start of the training period, and at 
its completion. For each trial, subjects positioned themselves at arms length from 
the pads when bent forward from the waist. From an upright position, the subject 
then stepped towards the apparatus and hit the pads with both shoulders. As the 
trolley moved back from the initial impact the subjects chased the unit, continuing 
to exert force for a few short steps before disengaging from the pads. Subjects 
were constrained to a window of 10OOms in which to exert force against the 
apparatus. If the power/time trace indicated they had exceeded this time interval 
before disengaging, the trial was discarded and repeated. The mean score of three 
valid trials for each subject was used for further analysis. 
Computation of Peak Power Output 
Software (Sportstec Grunt 3000, University of Otago, New Zealand) received 
inputs from the force transducer and a cadence sensor mounted to the rear wheel 
of the trolley. From this a power/time trace was produced and peak power for each 
trial was displayed. 
Strength Testing 
3-RM deadlift testing was undertaken two weeks prior to the training period and 
at its completion, using the procedures described by Baechle et al (2000). The 
test-retest reliability (ICC, r=0.96) of an equivalent isoinertial lower body 
strength test (parallel squat 3-RM) has been established previously in a 
corresponding group ofjunior rugby league players (Coutts et al, 2004). 
Instructions to subjects were to aim to complete three repetitions. If the subject 
was able to do complete three repetitions at their maximal weight, their 1 -RM was 
estimated from the factor derived from RM tables (Baechle et al, 2000). If 
subjects failed after two repetitions, predicted I-RM score was likewise derived 
from the corresponding RM table factor (Baechle et al, 2000). In the case that 
subjects failed after one repetition, this value was taken as the player's 
I -RM. One 
subject in the OL groups was unavailable 
for strength testing prior to the study; 
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one subject in the CON group was unable to complete strength testing at post 
testing. 
Training Protocol 
Training was performed twice weekly, completing eight sessions in the four 
weeks of the training period. The OL training intervention alternated between 
Clean Pull and Snatch Pull lifts on consecutive sessions, depicted in Figures 5.2.2 
and 5.2.3. Both these lifts are executed from the floor. In the case of the snatch 
pull, the lifter's centre of mass is slightly lower in the start position as a 
consequence of the wider grip width (Garhammer, 1993). Typically, the weight 
lifted for the snatch lifts are around 80% of that lifted for the respective clean lifts; 
however, power outputs for snatch and clean lifts tend to be comparable 
(Garhammer, 1993). Subjects performed three sets of six repetitions for clean pull 
or snatch pull after a warm-up set, as part of their normal workout. For these lifts 
a 4cluster set' configuration was employed. Specifically, subjects were instructed 
to replace the bar on the mat and pause for 10- 15 seconds to 'reset' between each 
repetition. This approach is shown to better maintain liffing velocity during 
successive repetitions (Haff et al, 2003). The CON group in turn performed the 
dumbbell full squat exercise, matched for load and volume. All training sessions 
were supervised, and the strength training performed by the two groups was 
otherwise identical. 
105 
. 
:" 
Statistical Analysis 
Mum 
0 
For both mean power output and deadlift I -RM data, 2x2 (test occasion x group) 
repeated measures ANOVA were performed to evaluate effects of training and 
training group. Paired Student's t-tests were used to assess differences on each test 
measures for control and training group, respectively. In all analyses, an alpha 
level of 0.05 was accepted as statistically significant. 
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Figure 5.2.2. - Clean Pull Lift 
Figure 5.2.3. - Snatch Pull Lift 
5.2.3. Results 
Mean power output scores are presented in Table 5.2.1. Both groups showed some 
improvement in mean power output during the rucking test on the post test 
occasion, however the gains registered by OL subjects were significantly greater 
(p<0.01). Repeated measures ANOVA revealed a significant main effect, but also 
demonstrated a significant interaction effect (p<0.01), indicating a different 
training response between the two groups. 
Table 5.2.1 - Mean Power Output Scores 
Power Output, W Pre Post p value % Change 
OL 702 ±124.5 901 ±85.7 <0.01 28% 
CON 666 ±90.3 722 ±111.2 <0.05 8% 
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Deadlift I -RM scores are presented in Table 5.2.2. Both groups showed an 
upward trend in strength scores, but only the improvement of the OL group 
reached significance (p<0.05). Repeated measures ANOVA revealed a significant 
main effect of training, however there was no interaction effect, suggesting no 
difference in the response to training for this measure between the two groups. 
The scheduling of the strength testing (two weeks prior to the start of the training 
intervention) meant that six weeks elapsed between pre and post tests, during 
which time subjects continued to engage in their normal strength training. This 
may partly account for the magnitude of change in both groups on this measure. 
Table 5.2.2 - Deadlift I-RM Strength Test Scores 
Deadlift 1-RM, kg Pre Post P value % Change 
OL 151.9 ±15.4 
CON 143.8 ±20.3 
165.8 ±13.5 <0.05 10.9% 
157.8 ±11.2 Ns 9.7% 
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5.2.4. Discussion 
The Olympic lifts would appear to have a high degree of mechanical specificity in 
relation to gross motor actions featured in rugby union, such as tackling and 
clearing opposition players from the tackle area. It was hypothesised that this 
biornechanical similarity would be reflected in significant carry over of Olympic 
lift training to power output for the simulated ruck clean movement measured on 
the apparatus. In support of this contention, the increases in power output in the 
current study were significantly greater for the OL training group compared to the 
control group (28% increase vs 8%). 
In agreement with the current findings, significant improvements in athletic 
performance (shot put distance) have been reported previously with collegiate 
throwers in response to strength training incorporating Olympic lifts (Stone et al, 
2003b). The integration of strength, power and neuromuscular coordination 
offered by Olympic lift training has been identified previously as favouring 
transfer of training to athletic performance (Kraemer et al, 2002), which was 
affirmed by the current study. Concentric measures of speed strength (loaded 
squat jump) show high correlations with sprint start ability (Young et al, 1995). 
The ruck clean movement is biomechanically very similar to the sprint start. 
Assuming this is a causal relationship, gains in concentric speed strength 
developed by Olympic lift training would be expected to be reflected in 
improvements in power output for the ruck clean movement, and correspondingly 
sprint start performance. 
Olympic lift training predominantly develops concentric force generating 
nu capabilities (Hakkinen et al, 1987), which are attributable to contractile elements, 
as opposed to stretch shortening cycle (SCC) components. The underlying 
mechanisms for the gains in concentric power output observed are generally 
ascribed to improvements in rate of force development (RFD) and 
high-velocity 
strength (Stone, 1993, Garhammer, 1993, McBride et al, 
1998, Souza, 2002). 
Although not measured in the current study, increased peak RFD has been 
reported with concurrent gains 
in Olympic lift (Snatch) I-RM and performance 
test (shot put distance) scores (Stone et al, 2003b). In turn, 
intermuscular and 
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intramuscular coordination elements are implicated in these adaptations (Newton 
& Kraemer, 1994, Hedrick, 1993). Intermuscular coordination effects are 
observed in preferential recruitment of high threshold (high force) motor units, 
and reductions in co-contraction of antagonist muscles. Developments in 
intramuscular coordination are manifested in enhanced capability of individual 
motor units to fire rapidly for short intervals (Hedrick, 1993), which underpins 
improvements in RFD (Behm, 1995). These are neuromuscular learning effects 
associated with rapid muscular contractions (Morrissey et al, 1995). It has been 
suggested that there are learned neuromuscular responses associated with 
exposure to power training specifically, that enable athletes to maximise power 
output and do so against higher resistances (Baker et al, 2001). These learned 
4neural strategies' include over-riding inhibitory input and an anticipatory priming 
of motor units during the interval immediately prior to initiating the movement 
(Baker et al, 2001). 
The test apparatus used in the current study was designed to simulate the ruck 
clean movement. The specificity of the testing modality used to assess athletic 
training and performance is of crucial importance (Baker et al, 1994). To be of 
relevance, a test of muscular function must be able to not only detect adaptations 
induced by the specific training mode, but also be sensitive to changes in 
functional athletic performance following training (Murphy & Wilson, 1997). The 
fact that the training group performed significantly better at post testing would 
seem to support the validity of the test measure. This has to be qualified by the 
observation that the control group also improved on the test measure, albeit to a 
lesser extent. Whether this was due to the novelty of the testing procedures and a 
possible learning effect, or simply a result of concurrent gains in lower body 
strength (reflected in deadlift I-RM scores) is open to question. It is the case that 
subjects only had access to the test apparatus on the two test occasions, hence 
were not able to acclimatise to the test apparatus and procedures before the day of 
the initial testing. However, the players had extensive experience in performing 
the rucking movement featured in the testing procedure as part of their regular 
training, typically against manual resistance. Furthermore, the testing did appear 
to be sensitive enough to detect the superior performance of the training group. 
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The relevance of game specific athletic performance tests is illustrated by the 
finding that vertical jump test performance is shown to be the most consistent 
determinant of playing time of any physical performance test in elite college 
basketball players (Hoffinan et al, 1996). That is, superior performance on the 
vertical jump test was reflected in these players being selected by the coach and 
spending more time on court. The rack clean testing apparatus described has the 
potential to serve a similar function in rugby union. 
The pulling lifts comprise the highest power output phase of the classical Olympic 
lifts - the 'Second pull'. Power outputs have been quantified for the second pull in 
the order of 5500 W, which is roughly five times that generated during the classic 
squat (Stone, 1993). The clean pull variation featured in the current study has the 
same biomechanical characteristics of the power clean lift (minus the catch phase) 
and comprises the maximal power second pull portion of the lift (Souza et al, 
2002). Likewise, the snatch pull also features the second pull phase, and power 
outputs during the second pull for the snatch and clean are found to be very 
similar (Garhammer, 1993). The pull variations of the Olympic lifts allow higher 
loads (;: ýI 10- 120%) to be handled relative to the classical clean and snatch lifts, 
which tend to be more limited by deficiencies in lifting technique (Hydock, 2001). 
Purely in terms of concentric power production, the 'catch' phases that 
characterise the classical Olympic Snatch and Clean lifts are of little consequence 
(Hydock, 2001). Hence, the pull variations of these lifts are more than adequate 
for developing these qualities in team sports athletes. Limitations imposed by 
technique flaws in the catch phase when employing the classical Olympic lifts can 
potentially restrict team sports athletes to loads that are suboptimal for developing 
speed-strength capabilities (Hydock, 2001). 
Olympic lifters are reported to generate greater velocity and power than 
powerlifters, when performing countermovement jumps with or without added 
loading (McBride et al, 1999). Similarly, Olympic lifters exhibit superior strength 
(I -RM squat) in comparison 
to sprinters (McBride et al, 1999). From these data it 
could be inferred that Olympic 
lift training is similarly effective to sprint training 
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and more effective than powerlifting training in developing dynamic power, and 
more effective than sprint training in developing maximal strength. However, 
without controlled prospective studies to test this hypothesis it is not possible to 
draw definitive conclusions. Of particular relevance to rugby football is the 
observation that Olympic lifters perform better than sprinters in dynamic 
movements against resistance. (McBride et al, 1999). The ability to generate 
greater force and power output against external resistance (i. e. opposing players) 
is a key program goal for rugby football players. It can be inferred from the 
superior performance exhibited by Olympic lifters in this capacity that heavy load 
speed-strength training provided by Olympic liffing has the potential to develop 
this ability to generate power against resistance. The current data tend to support 
this notion. 
The kinetic and kinematic specificity of Olympic lifts with regard to the vertical 
jump movement are suggested to develop speed-strength in a way that transfers 
more readily to jumping performance (Baker, 1996). Likewise, on the basis of 
their biomechanical similarity to sports movements, Olympic lifts and their 
variations are extensively used for sport-specific preparation in various strength- 
and power-oriented sports (Hydock, 2001), including volleyball and basketball 
(Souza et al, 2002). Speed-strength training in the form of jump squats has proven 
successful in developing lower body power in elite power athletes (Baker, 2001 a). 
Power outputs during Olympic lifts (hang clean) are highly correlated with the 
corresponding measures for the jump squat, to the extent that the respective 
measures are determined to reflect the same capabilities in trained athletes (Baker 
& Nance, 1999a). It follows that Olympic lifts should be similarly effective. Both 
Olympic lift (hang clean) and jump squat power measures relative to body mass 
are also shown to be significant predictors of acceleration (10m) and short 
distance (40m) sprint scores in rugby league athletes (Baker & Nance, 1999b). 
Some of the highest correlations were shown with heavy load (I 00kg) jump squat 
and 3-RM hang clean (Baker & Nance, 1999b). All of which points to the 
practical significance and potential benefits of heavy load speed-strength training 
and specifically the use of Olympic lifts for rugby 
football. 
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Given the widespread use of Olympic lifts in physical preparation for rugby 
football players, there is a paucity of data relating to this type of training with this 
group of athletes. What data there is concerning speed-strength training with 
rugby football players tends to feature the use of jump squats. Olympic lifts may 
be a superior training modality to jump squats, both biomechanically and in terms 
of practicality. Relative to jump squats, Olympic lifts involve a greater balance 
component (Baker & Nance, 1999a) as the athlete is required to balance both 
themselves and the barbell in three dimensions as they apply force to accelerate 
the external load through the lift. In contrast, jump squats are often performed in 
apparatus that only permits uni-directional movement of the barbell. This may be 
a factor in the failure of jump squat scores to reflect changes in strength and sprint 
performance following training (Murphy & Wilson, 1997). 
It has been postulated that repeated exposure to high propulsion forces associated 
with Olympic lift training leads to adaptation in non-contractile structures in the 
joints concerned (Stone, 1993). This being the case, the use of Olympic lifts by 
rugby football players may confer an ancillary benefit, in terms of injury 
prevention. In view of the high degree of biomechanical specificity mentioned, it 
follows that loading joints during training in a manner consistent with what occurs 
during high-power activities encountered during match play should make players 
less susceptible to injury, for example when tackling, jumping or cleaning rucks 
(Stone, 1993). Olympic lifts also feature lesser impact forces to those experienced 
upon landing when performing alternative ballistic speed strength exercises, such 
as jump squats (Stone, 1993). 
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5.2-5. Practical Applications 
The current findings support the assertion that performing Olympic lift training as 
part of the physical preparation for rugby football players will yield benefits in 
terms of power output generated in specific activities against resistance provided 
by opposing players on the pitch. Such data forms an objective basis for including 
these lifts in training for these athletes. Performing speed strength training in 
combination with conventional strength training favours development of a wider 
range of maximal strength and dynamic power measures than when high-power or 
high force training is implemented in isolation (Harris et al, 2000). Hence, these 
lifts should not be viewed as a substitute for the squat and deadlift, but rather 
should be used to complement these high-force structural exercises. Olympic lifts 
develop predominantly concentric performance; the addition of appropriate 
plyometric training to develop SSC elements may therefore offer further 
improvements in performance. 
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A Weighted Ballistic Push Up Training Modality to Develop 
Upper-body Explosive Muscular Power in Junior Academy 
Rugby Football Players 
5.3.1. Introduction 
Explosive power is a learned motor skill of the neuromuscular system that is 
distinct from maximal force production (Ives & Shelley, 2003). Although 
maximal power output is dependent upon strength to a varying extent depending 
on the resistance involved (Stone et al, 2003a), expression of sport-specific power 
has elements that are independent of the basic force-generating capacity of the 
musculature. This is illustrated by the dissociation of maximum (I-RM) strength 
and explosive power scores in elite athletes (McBride et al, 1999, Delecluse et al, 
1995). Accordingly, the addition of speed-strength training has been shown to 
produce gains in anaerobic power beyond those elicited by heavy resistance 
training alone (Newton et al, 1999, Baker, 1996, Delecluse et al, 1995). 
Ballistic resistance training is distinct from traditional resistance training because 
the load is released at the culmination of the movement. This allows power to be 
generated throughout the full range of motion, as there is no requirement to brake 
the motion of the load to bring it to a halt at the end of the movement. Thus, the 
acceleration phase is not terminated before the end of the range of motion (ROM) 
for the exercise; this in turn allows higher peak velocity (hence peak power) to be 
attained later in the movement (Newton et al, 1996). Accordingly, Cronin and 
colleagues have identified projection (i. e. release) of the load as the most crucial 
factor influencing expression of Peak power (Cronin et al, 2003, Cronin et al, 
2001). 
Jump squats have been identified as the most effective single training modality for 
developing measures of lower body explosive power (vertical jump height) in elite 
power athletes (Newton et al, 1999, Wilson et al, 1993, Baker, 1996). The obvious 
upper-body equivalent to the jump squat is the bench throw. Accordingly, this 
mode of training has been shown to elicit significant upper-body power gains 
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(Lyttle et al, 1996), particularly with loads that maximise mechanical power 
output. It is suggested the greater velocity and movement pattern specificity of 
ballistic training is more likely to stimulate functional high-velocity adaptations 
(Cronin et al, 2003) than traditional resistance training. Accordingly, bench throw 
training is shown to elicit significant improvements in functional performance in 
elite baseball players (McEvoy & Newton, 1998). However, this ballistic training 
mode requires costly apparatus to safely restrict the barbell to vertical-only 
movement and to brake the descent of the bar once it is released. 
A solution that circumvents the need for expensive specialised equipment to catch 
an external load is to use the athlete's own body mass as the load to be projected 
into free space; specifically a ballistic push-up. When compared to standard 
modified push-ups (supported on the knees), ballistic modified push-up training 
(hands leaving the floor at the top of the movement) is reported to elicit 
significantly greater improvement in ballistic power, as assessed by medicine ball 
throw distance, and similar gains in strength (chest press I -RM) scores in female 
subjects (Vossen et al, 2000). Similarly, if weights are attached to the athlete with 
this training mode it is possible to provide the magnitude of loading (55% bench 
press 1-RM) proven to maximise mechanical power output with bench throws 
(Baker et al, 2001a). Hereby the weighted ballistic push up training solution also 
offers the elements of progression and overload. 
The purpose of the study was to evaluate changes in measures of upper body 
power following weighted ballistic push-up training in a group of junior academy- 
level rugby football players. The athlete's body mass was supplemented with 
additional loading, via the use of a custom designed shoulder hamess. It was 
hypothesised that the ballistic training modality would result in an augmented 
training response, reflected in superior improvements in measures of upper body 
power output. 
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5.3-2. Methods 
Subjects 
Fourteen players (age 17.1±0.91yrs; height 178±3. Ocm; weight 87.2±16.1kg, 
mean+-SD) were recruited from the England Elite Player Development Group for 
the region (south-west London, UK). Players in this 14-18yrs age group are 
individually selected as the top percentile based on playing ability for their age 
group in the region. Following informed, written consent, seven players undertook 
the ballistic push-up (BPU) training, whilst seven players matched for age and 
playing position served as controls, undertaking standard push-up training (SPU). 
The specific power training intervention was performed alongside in-season 
strength training and metabolic conditioning. The content and volume of 
concurrent strength training was standardised for both groups. 
One subject in the training group was absent for four of the seven training 
sessions, due to international representative training and playing commitments, 
hence this subject was excluded from further analyses. 
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Figure 5.3.1 - Weighted Ballistic 
Push Up Shoulder Harness 
Apparatus 
Experimental conditions featured the use of a specially designed shoulder harness, 
which served to supplement the subject's body mass (Figure 5.3.1). Standard 
barbell plates were mounted onto a barbell peg on the back of the shoulder 
harness, at sternum level (so as to be perpendicular to the point of force 
application at the bottom of the push-up position) and secured with a standard 
commercially available spring collar. 
Strength Tests 
3-RM bench press testing was undertaken prior to the training period and at its 
completion, using the procedures described by Baechle et al (Baechle & Earle, 
2000). High test-retest reliability scores have been reported for 3-RM bench press 
scores (intraclass correlation coefficient, r=0.98) has been reported previously in 
an equivalent group of junior rugby league football players (Coutts et al, 2004). 
Instructions to subjects were to aim to complete three repetitions. If the subject 
was able to do complete three repetitions at their maximal weight, their I -RM was 
estimated from the factor derived from RM tables (Baechle & Earle, 2000). If 
subjects failed after two repetitions, predicted 1-RM score was likewise derived 
from the corresponding RM table factor (Baechle & Earle, 2000). In the case that 
subjects failed after one repetition, this value was taken as the player's 1 -RM. 
Work Output Assessment 
Prior to the study and at the completion of the power training intervention 
participants undertook two ballistic push-up tests (with projection of the body into 
free space). Ballistic push-up height was quantified using a contact mat jump 
meter system (Powertimer Contact Mat, Newtest, Oy, Finland). Test I was a 
concentric-only ballistic push-up, similar to that described by Wilson et al (1996). 
Subjects descended to the bottom push-up position and paused for a count of two, 
before initiating the ballistic push-up from a static position, without preparatory 
dip. Trials were discarded and repeated if counter-movement was noted. Test 2 
was a counter-movement push-up test, with 
full and continuous rapid eccentric 
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and concentric motion, also adapted from Wilson et al (1996). The subject's body 
mass (kg) was quantified in push-up position (see Load Assignment). Work output 
(Nm) was then calculated using the formula (Baker et al, 1996): 
Body mass (kg) in push-up position x Gravity (9.816mS-2) x push-up height 
achieved (m) 
LoadAssignment 
Preliminary testing was undertaken to quantify each player's body mass 
component in the bottom position of the push-up. This was achieved by the use of 
a one-metre board with brackets on the underside to fit the footplate of a 
commercially available calibrated floor scale (Seca analogue floor scale, 
Germany). With the floor scale secured directly underneath the mid-point of the 
board, the subject assumed push-up position with arms fully extended. In this 
way, the subject's body mass (kg) (minus the weight of the wooden board) was 
quantified in push-up position. The amount of added mass required for the 
shoulder harness (to achieve 65% of bench press I -RM) was thus derived, based 
on this body mass component and the player's calculated bench press 1 -RM. 
Training Protocol 
The training intervention comprised either stretch-shortening cycle (SSC) ballistic 
push-ups from the floor, with rapid counter-movement (BPU) in which subject 
propelled their body off the floor at the end of the movement, or standard push- 
ups (SPU) at a self-selected pace. For both conditions, the training load was 
provided by the players' body mass component in the push-up position, 
supplemented as necessary by the shoulder harness to achieve a combined 
external loading of 65% of the subject's calculated bench press I-RM. Thus, the 
training load was individualised for the athlete's body mass and bench press 1- 
RM. The rationale for selecting 65% bench press I-RM for the weighted BPU 
training load is that this value is at the upper end of the load spectrum used 
previously for upper body ballistic power training. 
Baker (2001) reported the 
ability to develop power against 
heavy resistance distinguished elite rugby league 
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football players from those competing at lesser levels. This training load is also 
below 70% I-RM; resistances above which compromise the ability to project the 
load (barbell in the case of a bench throw) (Cronin et al, 2003). 
Training Regimen 
Ballistic push-up (BPU) training was undertaken once per week for the duration 
of the seven-week training period. Players completed five sets of six repetitions in 
each training session. Each repetition was performed maximally, i. e., subjects 
were instructed to pause to reset between each push-up. Subjects were encouraged 
to aim for maximal height for each repetition. Each set was interspersed with 10 
mins active rest during which time subjects completed other exercises. Subjects in 
the SPU group performed standard push-ups while the BPU group performed 
ballistic push-ups. These were matched for load, volume (repetitions) and rest 
periods. 
Cvý -- 
*. 
Statistical Analysis 
Scores for both push up tests and bench press I -RM were assessed using 2x2 
(test occasion x training group) repeated measures ANOVA. In the event of 
significant differences,, Student's t-tests, were used to examine the data for each 
training group. For all analysis, significance was set at p:: ý0.05. 
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5.3.3. Results 
For the majority of subjects a load equivalent to 65% I-RM bench press was 
achieved by adding the harness alone (-4.5kg). The maximum added load was the 
harness, plus a 5kg plate (two players in the SPU group). The heavier sub ects j 
(three in the BPU training group; one in the SPU group) did not require added 
loading for the duration of the study, as their body weight in push-up position 
supplied (or exceeded) the requisite 65% bench press I -RM loading. 
Repeated measures ANOVA identified a significant overall effect of training 
(p<0.05; pre- vs post-intervention) and a significant interaction effect of training 
modality (p<0.05; SPU vs. BPU). This indicated that the training response of the 
BPU training group on this measure was significantly different to the SPU group 
(see Figure 5.3.2). Paired T-tests revealed a significant improvement pre- to post 
for the BPU training group for work output during the concentric-only push test 
(p<0.05), presented in Table 5.3.1. There was no significant difference for the 
SPU subjects. 
Table 5.3.1 - Concentric-only Push-Up Work Output Scores 
Concentric-only Push Up Pre Post 
p-value % Change 
Work Output, Nm Mean +/- SD Mean +/- SD 
SPU 71.10 ±13.59 
BPU 65.52 ±14.45 
70.28 ±18.73 ns -1.2% 
80.45 ±14.21 P<0.05 22.8% 
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Figure 5.3.2 - Concentric-only Push Up Work Output Scores 
Significant Increase (p<0.05) 
PRE 
POST 
There was no significant overall effect of training identified by repeated measures 
ANOVA. However, there was a significant group interaction effect (P<0.05), 
indicating the groups responded significantly differently across the training period 
(see Figure 5.3.3). The improvement in work output during the countermovement 
push-up revealed by paired T-tests for the BPU training group approached 
significance (p=0.063), displayed in Table 5.3.2. The change on this measure for 
the SPU group was non significant. 
There was a trend for greater work output scores for the push-up test with 
countermovement for both groups. However this was non-significant at both pre 
and post-testing. Similarly there was no difference in this relationship between 
training groups. 
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Table 5.3.2 - Countermovement Push-Up Work Output Scores 
Countermovement Push Up Pre Post 
Work Output, Nm Mean +/- SD 
SPU 79.70 ±13.23 
BPU 71.70 ±14.64 
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Mean +/- SD 
p-value % Change 
76.85 ±18.73 0.460 -3.6% 
83.38 ±14.16 0.063 16.3% 
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Figure 5.3.3 - Countermovement Push Up Work Output Scores 
Repeated measures ANOVA revealed a significant overall effect across the 
training period (pre- vs. post-intervention). There was no interaction effect for 
training modality (BPU vs SPU), indicating no significant difference in training 
responses with regard to bench press strength between training groups (see Figure 
5.3.4). Paired T-tests identified significant improvement in predicted I -RM bench 
press scores for the BPU training group (p<0.05), displayed in Table 5.3.4. 
The 
strength improvement for SPU subjects approached significance 
(p=0.069). 
There were no significant correlations between changes 
in predicted I -PM bench 
press and changes in either concentric-only or counter-movement push up 
performance. 
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Table 5.3.3 - Bench Press I-RM Strength Test Scores 
Bench Press 1-RM, kg 
Pre Post 
p Value % Change Mean +/- SD Mean +/- SD 
SPU 74.7 ±12.07 78.6 ±11.48 p=0.069 5.2% 
BPU 77.8 ±12.29 84.6 ±11.86* p<0.05 8.7% 
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Fig 5.3.4 - Bench Press I-RM Strength Test Scores 
Significant Increase (p<0.05) 
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El POST 
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5.3.4. Discussion 
The data presented show weighted BPU training elicited significant increases in 
the work output measure for the concentric-only push-up tests. The improvement 
in counter-movement push-up work output for the BPU training group also 
approached statistical significance. There were no such improvements shown by 
the SPU group on either test. There was no corresponding difference in upper 
body strength gains (predicted 1 -RM bench press) between the respective training 
groups. These results are consistent with a previous upper body ballistic training 
study employing variations of a modified push up (supported on the knees) with 
female sub ects (Vossen et al, 2000), which reported gains in a measure of upper 
body explosive power (medicine ball put distance). The current study is the first to 
employ a ballistic version of a standard push up (supported on the toes) and to 
report positive results with junior academy-level male rugby players. This is 
likewise the first study to incorporate added loading for this training modality to 
supplement the individual's body mass. 
The relative increases in work output reported for the concentric-only and 
countermovement push up tests seen in the BPU training group were of 
comparable magnitude to gains in impulse registered on a force platform for the 
corresponding push up tests following eight weeks of bench throw training (Lyttle 
et al, 1996). In the current study, both pre- and post testing, there was a trend for 
higher work output scores for the counter-movement push up test in relation to the 
concentric only test. Greater average force, peak force and power output have 
been reported previously for SSC bench throws, relative to concentric-only bench 
throws with equivalent loads (Newton et al, 1997). This effect is consistent with 
augmentation of force output with 'rebound' or countermovement, derived from 
the stretch-shortening cycle (Cronin et al, 2003). However, in the current study 
these differences in work output (based upon push-up height) between concentric 
only and countermovement tests did not reach significance. Similarly, 
in the 
previous bench throw study by Newton et al (1997), the relative augmentation of 
force and power output in the SCC throw condition were not translated 
into 
significant differences in height thrown or 
barbell velocity. In the current study, 
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the relationship between performance measures for the counter-movement and 
concentric-only test condition did not change post training. 
Taken with the lesser average gains in the countermovement Push up test (Tables 
5.3.1 and 5.3.2), the improvements elicited by BPU training thus appeared to be 
predominantly concentric, with SSC performance remaining relatively unchanged. 
Improvements in dynamic measures (vertical jump) reported previously with 
equivalent ballistic training for the lower body have been attributed predominantly 
to increased concentric force output, and in particular enhanced rate of force 
development. Large increases (48%) on a dynamic measure of RFD have been 
reported previously following ballistic Oump squat) training (Newton et al, 1999). 
Accordingly, mechanisms underlying the specific improvements in upper body 
concentric performance observed in the current study likely include high-velocity 
strength and rate of force development (RFD) (Hedrick, 1993, Newton & 
Kraemer, 1 ý994). 
Underlying neural adaptations influencing high-velocity strength include 
improved recruitment and firing of high threshold motor units at the high 
contraction velocities associated with the ballistic training movement (Stone, 
1993, Hedrick, 1993). Intermuscular coordination, involving reduced co- 
contraction of agonist and antagonist muscle groups, may also play a role 
(Newton & Kraemer, 1994). Rate coding is the major factor influencing RFD; 
specifically the maximal firing rates of motor units within the window for force 
development allowed by the movement (Behm, 1995). These adaptations result in 
a preferential improvement in the region of the force/velocity curve at the 
movement velocities associated with the training movement (Stone, 1993). The 
slope of the force-time curve for a given movement denotes RFD (Newton & 
Kraemer, 1994), hence represents an index of how quickly peak force can be 
attained. improving RFD thus enables the athlete to express a greater proportion 
of their maximal strength within the limited time 
frame allowed by a given sports 
action (Newton & Kraemer, 1994). Maximal 
ballistic muscle actions involve 
appreciably higher motor unit firing rates than those observed with conventional 
strength training (Behm, 1995, Hedrick, 
1993). It is this increased firing rate that 
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has been identified as enhancing RFD (Behm, 1995). it follows that repeated 
exposure will favour developments in the ability for motor units to fire rapidly 
during the short interval for force development allowed by the ballistic action. 
Neuromuscular firing patterns associated with strength and explosive movements 
are shown to be grossly different (Ives & Shelley, 2003). Ballistic contractions 
appear to be part pre-programmed by higher motor centres in anticipation of how 
the ballistic action is expected to occur, with some modification of motor unit 
activation based upon sensory feedback during the movement (Behm, 1995). As a 
consequence, power output for a ballistic action exhibits learning effects with 
repeated exposure to the specific training movement (Ives & Shelley, 2003). 
Antagonist co-contraction is likewise largely pre-programmed, and is believed to 
be a protective mechanism acting to maintain joint integrity in anticipation of the 
forces and limb accelerations during the ballistic action (Behm, 1995). Fine- 
tuning of antagonist input with repeated exposure to the ballistic training 
movement may occur to reduce co-contraction to increase net concentric force 
output. The acceleration/deceleration profiles associated with bench throw 
training have been suggested to more closely resemble sporting activities (Cronin 
et al, 2003). This being the case, similar advantages in terms of mechanical 
specificity should be conferred by BPU training. 
Intent has been identified as a key factor in eliciting training responses in RFD 
and high-velocity strength (Behm & Sale, 1993). The conventional bench press 
exercise appears to require specific coaching to make conscious effort move the 
barbell rapidly to evoke optimal responses (Jones et al, 1999). Strength and power 
training effects are reportedly reduced by half, when lifters are left to self-select 
lifting velocity for the bench press movement (Jones et al, 1999). By its explosive 
nature, the ballistic push-up training modality will likely favour training responses 
mediated by conscious intent. Previously the bench throw was the sole means to 
develop this capability with Pmax loads. This is a consequence of the unsuitability 
of conventional strength training exercise for lifting submaximal loads in this 
manner, as the neuromuscular system intervenes to 
brake the motion of the barbell 
in order to prevent injury (Newton et al, 1996). 
The observed efficacy of the BPU 
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tranung modality would appear to offer an alternative means for explosive upper 
body training with Pmax loads. 
Despite the neural benefits associated with the BPU training movementý 
traditionally the limitation of standard BPU training is that resistance is 
constrained by the body mass of the athlete and there is no means to provide 
progressive overload as training advances. The addition of the shoulder harness 
enables athletes to add resistance to allow for advances in maximal strength 
(bench press I-RM) to provide progressive overload. By accounting for the 
element of progression, it should be possible to elicit continued gains in upper- 
body explosive power with long-term application of resisted BPU training. The 
current study featured young athletes with limited strength training experience, 
which is reflected in their low I-RM bench press scores (around I times body 
mass). In contrast, senior elite rugby league players bench press strength is 
reported to be 148% of the athlete's body mass (Baker, 2002), and the 
corresponding scores of elite senior professional rugby union players are typically 
1.5 times body mass (unpublished observations). Consequently, the necessity for 
added loading to achieve Pmax resistance will be greater with senior professional 
players, and the shoulder harness apparatus will therefore have greater application 
in these athletes. 
The efficacy of weighted BPU training as a specific upper body power training 
modality has particular relevance for elite athletes. In untrained individuals a 
variety of training interventions will produce adaptations in explosive 
performance measures, as almost any form of training represents a novel stimulus 
to the neuromuscular system (Newton & Kramer, 1994, Newton et al, 1999). 
Training specificity attains greater importance in elite athletes, as a consequence 
of their advanced training experience (Stone et al, 2003a). Although measures of 
upper body strength and power are strongly interrelated, strength levels do not 
explain a significant portion of the variance between strength and power scores 
with tests involving similar movement pattern (Baker & Nance, 1999). Hence it is 
evident that there is scope for optimisation of upper 
body power output in these 
athletes. The introduction of ballistic upper 
body training is shown to have the 
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Capacity to improve functional performance (throwing velocity) in elite baseball 
players with extensive strength training experience (McEvoy & Newton, 1998). 
This is reinforced by the observation that elite professional rugby league players 
exhibit much lower correlations between upper body measures of strength and 
power than semi-professional players, which was ascribed to the greater exposure 
to specific upper body power training of the professional players (Baker, 2001b). 
The progression in power training status of elite rugby league players appears to 
be manifested in enhanced ability of professional players to lift a given absolute 
load with greater velocity (Baker, 2001b, Baker, 2001d). 
The need for specific tests of dynamic neuromuscular performance has been 
established previously (Baker et al, 1994, Newton & Dugan, 2002). Push up tests 
offer an upper body equivalent to vertical jump tests (Lyttle et al, 1996), which is 
the standard measure of lower-body speed-strength performance (MatavuIj et al, 
2001, Baker, 1996). Concentric-only and SSC variations of the push-up test were 
included in the present study to distinguish between neuromuscular components 
underlying improvements in ballistic push-up performance. In this way they are 
analogous to the squat jump and countermovement jump, respectively. The 
efficacy of any test measure is largely determined upon its ability to differentiate 
changes in performance following training (Murphy & Wilson, 1997, Newton & 
Dugan, 2002). The results of the present study confirm the utility of concentric- 
only and counter-movement push up tests in monitoring improvements in upper 
body neuromuscular performance, in agreement with the results of a previous 
study (Lyttle et al, 1996). A depth variation push-up test has also been used 
previously (Jones et al, 1999), which is likewise analogous to depth jump tests of 
lower-body reactive strength. 
It has been noted previously that specific upper-body power training is under 
prescribed by strength coaches (Baker & Nance, 1999a). The majority of 
plyometric exercises featured in training and research are typically lower-body 
intensive (McEvoy & Newton, 1998), with training to develop SSC capabilities in 
upper body movements receiving little attention in the literature (Newton et al, 
1997). The few upper-body targeted plyometric exercises that are implemented 
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typically employ weighted medicine balls to provide resistance. The training 
stimulus provided by such weighted implements represents a far smaller external 
loading compared to the corresponding lower body plyometric exercises. 
Practically, to project a medicine ball or other weighted implement heavy enough 
to provide the requisite external loading (46-63% I-RM) from a supine position is 
untenable without the use of specialised equipment. Accordingly, drop medicine 
ball throws failed to produce the enhancement in rate of eccentric force 
development conferred by 'equivalent' lower body plyometric depth jump training 
(Wilson et al, 1996). With the resisted BPU solution presented it is possible to 
provide the required magnitude of loading for upper body ballistic training. 
Similarly, depth push-up variations of the resisted BPU training mode are 
possible, by dropping from raised blocks to execute a BPU movement (Jones et al, 
1999). In this way it should be possible to provide the magnitude of pre-stretch 
loading to develop upper body eccentric RFD in a similar manner to that seen 
with depth jump training (Wilson et al, 1996). Resisted BPU training thus offers a 
mode of upper body progressive plyometric training to harness potential benefits 
with regard to upper body SSC performance equivalent to those documented with 
lower body plyometrics. 
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5.3.5. Practical Applications 
The present study suggests that weighted ballistic push-up training offers an 
effective alternative to bench throw training. Furthermore, the BPU training 
movement has direct application to the sport of rugby football, on the basis that it 
is biomechanically similar to the 'hand-off action used to fend tacklers when 
players are carrying the ball. Training effects associated with BPU training should 
therefore have direct transfer to this aspect of match performance. Further study 
assessing training responses of senior professional rugby football players with this 
training modality is warranted. 
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Heavy Ball Complex Training for Development of Pass Velocity in 
Elite Academy-level Rugby Football Players 
5.4.1. Introduction 
Strength and power training aimed at enhancing athletic performance can only be 
considered successful to the extent that capabilities developed by training transfer 
to the particular skill set required by the sport (Harris et al, 2000). There is a 
consensus that transfer of training effects, in terms of carryover to dynamic 
athletic performance, is dependent upon the extent to which the training activity 
replicates the movement conditions encountered in competition (Stone et al, 2000, 
Baechle et al, 2000, Wilmore & Costill, 1999a). Given the greater levels of 
coordination and motor control required when executing fine game-related motor 
skills, it follows that a greater degree of specificity is required in terms of the 
training mode employed to develop power output for such movements (Kraemer 
et al, 2002). 
The rationale behind the use of weighted implements when carrying out game- 
related motor skills is that the resistance training stimulus is Provided during the 
actual target movement. The greater specificity of this loading method in terms of 
kinetic and kinematic similarity favours carryover of strength training effects to 
the sports activity. Thus, as sports skill-specific neuromuscular firing patterns are 
employed throughout, this form training may offer superior training for the 
muscles involved, in relation to traditional resistance exercises. In accordance 
with this contention, studies have shown training employing overweight balls has 
the potential to significantly increase over-arm throwing velocity with regulation 
balls (DeRenne et al, 1994, DeRenne et al, 1990). Crucially, throwing accuracy 
also appears to be maintained at the enhanced throwing velocities post-training 
(Escamillia et al, 2000). 
Complex training, or contrast loading, is a widely used practice for both lower 
body and upper body power training (Baker, 2003). This approach employs a 
heavier load set of the same or similar exercise immediately prior to a set with the 
target 4power' exercise. Preceding the training exercise with a heavier 6 primer' 
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load is shown to enhance power output when the targeted power set is 
subsequently performed; essentially, the athlete is able to generate higher power 
with the target movement than is usually the case (Baker, 2001d). The authors of 
this study postulated that this loading regimen may have applications with regard 
to power development for fine motor skills, via the use of heavy sports 
implements. 
The majority of studies examining power development for throwing have 
examined over-arm throwing (van den Tillar, 2004). Throwing a rugby ball 
requires the use of two hands. Rugby football involves passing laterally to 
teammates positioned behind the player (passing forwards is against the laws of 
the game). Passing beyond short distances typically involves imparting spin on the 
ball with the top hand, whilst the other hand helps guide the ball to the target. This 
rugby 'spin' pass is a different skill to that seen in other two-handed throwing 
sports, such as netball and basketball. 
The purpose of the study is to employ a commercially available overweight rugby 
ball in a training intervention aimed at developing power in the fine motor skill of 
passing a rugby ball. A contrast loading scheme was incorporated, alternately 
performing intervention sets of overweight ball passes, and passes with a 
regulation ball. 
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5.4.2. Methods 
Subjects 
Nine male full-time academy professional rugby union players served as subjects. 
Subjects' age, height and body mass were 20.05±1.00yrs, 183.3±5.6cm and 
90.6±9.6kg (mean+-SD), respectively. All subjects were right-handed. The players 
who served as subjects were fully informed about the nature of the study and 
voluntarily participated in testing and training. All the players were members of 
the same premier division professional rugby union team. The heavy ball complex 
training intervention was undertaken as part of their normal training, and all 
subjects were involved in the same matches and concurrent training during the 
study period. 
Eight players completed the training period having undergone pre-testing. One of 
the players initially recruited was injured and so unable to undertake pre-testing. 
This subject was excluded from the main analysis of training effects, but 
undertook the remainder of the training intervention and completed testing to 
assess acute effects contrast loading with the overweight ball at the end of the 
study. Another player completed all testing up to and including week four but was 
absent for post testing. The data for this player was included in the main analysis. 
rv_ .0 
E valuation of Pass Velocity 
Pass velocity was measured prior to the study period, at two weeks and four 
weeks into the study, and at the end of the training period. Ball velocity was 
assessed over ten metres during trials of passes aimed at a partner. Release 
velocity was measured to the nearest 0.1 km/hr using a handheld radar speed gun 
(Sports Pro Handheld Radar, Astro Products, California, USA). The 
manufacturer's guidelines stated that the radar gun measures 99.6% of the actual 
velocity when positioned within a five-degree angle of the trajectory of the 
oncoming projectile at the point of release. To satisfy this constraint the radar gun 
was held by a tester within a metre adjacent to the player catching 
the ball, with 
the radar gun aimed directly at the 
ball as it was released by the subject. The radar 
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gun was calibrated prior to each testing session using a tuning fork calibrated to 
90 km/h. 
The 'spin' pass was used for all pass velocity measurements. Subjects were 
advised that only trials for which the ball was accurately delivered to their partner 
at sternum level would be accepted, but within these constraints were actively 
encouraged to aim for maximal pass velocity. In the event that the delivery of the 
ball was above or below sternum height, or the subject's partner had to move to 
catch the pass, the trial was discarded and repeated. Four trials were performed on 
each side (left- and right-handed). The worst trial was discarded; peak and mean 
pass velocities for the remaining three trials were used for statistical analysis. 
Assessment ofAcute Effects of Contrast Loading with the Heavy BaU 
During the test session at the completion of the training period, eight players 
(including one subject who was unable to complete pre-testing hence was 
excluded from the main analysis) undertook additional testing. The aim of this 
was to elucidate the acute effects of contrast loading with the heavy ball on pass 
velocity with the regulation ball. Following trials to assess pass velocity, the 
player completed five passes with the heavy ball with the same hand, followed by 
five more passes (again with the same hand) with the regulation ball. All passes 
with either heavy or regulation balls involved imparting spin on the ball. Release 
velocity was recorded for these additional heavy and regulation ball trials in the 
same manner described above. 
Training Equipment 
A commercially available overweight ball (Morgan Pass Developer, 
Gilbert, UK), 
weighing approximately 0.8kg, was used for the training 
intervention. Regulation 
balls ý(Gilbert, UK) weighing approximately 
0.3kg were also used. 
Training Protocol 
A single group repeated measures 
design was used, with all subjects -perfon-ning 
the same training intervention. 
The training protocol incorporated a contrast 
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loading regimen, so that a series of overweight ball passes was performed prior to 
a set of throws with a regulation ball. Trainmg was performed three times per 
week. Each training session comprised four sets of six passes on each side (right- 
and left-handed) with the overweight and regulation balls respectively. Players 
worked in pairs, ten metres apart, running the width of the pitch with each player 
completing six passes (on the run) within that distance. On the opposite side 
players switched sides after picking up a regulation ball and turned around to 
complete six passes from the same hand, crossing the width of the pitch in the 
opposite direction. The pair then walked back to the opposite side of the pitch to 
pick up the overweight ball again, to complete a set passing with the opposite 
hand. A set (for each hand) thus consisted of twelve passes: six with the 
overweight ball, followed by six with the regulation ball. 
The study was undertaken during the competitive season. Hence the overweight 
ball training intervention was scheduled to fit around concurrent strength training, 
conditioning and team practices and matches in the period. 
Statistical Analysis 
The pooled data was analysed using a4x2 (test occasion x hand) repeated 
measures ANOVA for both mean velocity and peak velocity scores. Significant 
differences were investigated for right-handed and left-handed pass data 
individually using one-way repeated measures ANOVA. Simple and repeated 
measures contrasts were used to identify significant differences between test 
occasions. Students t-tests were used to assess any differences in pass velocity 
between right- and left-handed passes at each test occasion. Paired t-tests were 
used to determine any differences between regulation ball pass velocity with 
either hand preceding and following an intervening set of heavy ball passes. 
Pearson's product correlations were used to assess relationships between heavy 
ball pass velocity and regulation ball pass velocity with either hand. Significance 
level was set at p<0.05 for all analyses used in the study. 
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5.4-3. Results 
When velocity data for right-handed and left-handed passes were grouped, 
repeated measures ANOVA revealed a significant main effect of test occasion for 
both mean and peak pass velocity scores. Simple contrasts showed significant 
improvement in mean velocity (p<0.01) from week two, which persisted to post 
testing. This was similarly the case for peak velocity scores. There was no 
interaction effect for either mean velocity or maximum velocity data, indicating 
there was no significant difference in improvement for right- or left-handed pass 
on either measure. Individual players' data are presented in Tables 5.4.1.1 and 
5.4.1.2. 
Table 5.4.1.1. - Individual Players' Right-handed Pass Data 
Pre Week 2 Week 4 Post 
Peak Mean Peak Mean Peak Mean Peak Mean 
Player A 55.3 54.4 55.5 54.0 59.7 59.4 Absent 
Player B 56.8 55.8 60.3 59.2 61.3 60.3 60.5 59.8 
Player C 52.4 50.8 55.0 53.3 57.7 54.6 55.3 53.8 
Player D 51.3 50.4 50.5 48.7 53.2 52.5 53.4 51.5 
Player E 54.2 53.2 55.0 54.1 51.0 50.4 52.6 51.8 
Player F 51.6 51.1 55.0 54.0 57.9 57.3 58.5 57.7 
Player G 50.3 49.1 Injured 50.8 50.1 53.2 51.8 
Player H 51.8 51.2 53.1 51.7 53.5 53.3 55.3 54.1 
Table 5.4.1.2. - Individual Players' Left-handed Pass Data 
Pre Week 2 Week 4 Post 
Peak Mean Peak Mean Peak Mean Peak Mean 
Player A 51.9 50.9 55.0 54.4 56.1 56.1 Absent 
Player B 53.3 54.0 58.7 58.0 58.2 57.9 56.9 56.9 
Player C 50.3 49.3 52.3 51.1 54.3 52.8 55.6 53.3 
Player D 49.0 48.7 51.1 50.0 51.8 51.5 48.9 48.0 
Player E 50.2 49.5 Injured 48.9 48.4 49.0 48.9 
Player F 47.6 47.2 50.8 49.9 53.4 51.5 53.2 52.5 
Player G 46.5 45.8 Injured 46.0 45.9 48.6 48.0 
Player H 52.1 50.4 51.9 51.0 54.3 53.0 53.1 52.0 
When data for right-handed and left handed pass velocity were examined 
individually,, significant improvements were apparent for both peak and mean pass 
velocity (Tables 5.4.2 and 5.4.3). Graphs 
displaying peak pass velocity and mean 
pass velocity for eight of the nine subjects 
(excluding the player who was absent 
for post testing) are presented in Figures 
5.4.1 and 5.4.2, respectively. 
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Table 5.4.2. - Left-handed and Right-handed Peak Pass Velocities 
Peak Pass Velocity, Pre Week 2 Week 4 Post 
km/h (mean ±SD) (mean ±SD) (mean ±SD) (mean ±SD) 
Left Handed 50.4 ±2.8 52.3 ±3.9 52.9 ±3.9* 52.2 ±3.4* 
Right Handed 53.0 ±2.2 54.4 ±3.1 * 55.6 ±4.0 55.5 ±2.9* 
Significant difference vs Pre (p<0.05) 
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Table 5.4.3. - Left-handed and Right-handed Mean Pass Velocities 
Mean Pass Velocity, Pre Week 2 Week 4 Post 
km/h ý(mean ±SD) (mean ±SD) (mean ±SD) (mean ±SD) 
Left Handed 
Right Handed 
49.5 ±2.5 
52.0 +2.3 
51.5 ±3.8* 
53.1 ±3.2 
52.1 ±3.9t 
54.7 ±3.9 
5 1.4 ±3.3 
54.4 ±3.2* 
Significant increase vs Pre (p<0.05). t Significant increase vs Pre (p<0.01) 
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Figure 5.4.2 - Left-handed and Right-handed Mean Pass Velocities 
Significant increase vs Pre (1)<0.05). t Significant increase vs Pre 
(p<0.01) 
Independent t-tests were undertaken to assess whether there were significant 
differences for right-handed versus left-handed pass velocity. Differences for both 
mean pass velocity (p=0.051) and maximum pass velocity (p=0.059) approached 
significance at pre-testing. However, from week two until the completion of the 
study period these differences were no longer significant at any test occasion. 
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Testing to assess acute effects of contrast loading with the heavy ball revealed 
peak and mean pass velocity did not differ significantly when passes with a 
regulation ball were preceded with sets of throws with a heavy ball. This lack of 
significant acute effect of one set of heavy ball contrast loading was consistently 
observed when passing off either hand. 
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Figure 5.4.3 - Scatter Plot of Right-handed and Left-handed Passes with 
Heavy versus Regulation Balls 
Mean pass velocity for heavy and regular balls recorded for the eight subjects who 
undertook additional testing were 44.0±1.8 km/h and 52.0±3.6 km/h, respectively, 
for passes with the left hand imparting spin on the ball. The corresponding mean 
values for right hand pass velocity were 46.3±1.9 km/h (heavy ball) and 54.2±3.0 
km/h (regulation ball). These values, measured at the completion of the training 
study, thus indicate pass velocity was 15% slower with the heavy ball when 
passing both right- and left-handed, compared to passes with a regulation ball. 
This translated to a difference of 8 km/h with either hand. 
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In these subjects there was significant correlations between both average and peak 
pass velocity with heavy balls and regulation balls when passing right-handed. 
The corresponding correlations for left-handed passes were much less, and well 
below significance levels. 
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5.4-4. Discussion 
This is the first study to report velocity measures for the 'spin' pass sports skill 
featured in rugby football. The heavy ball contrast loading training intervention 
successfully elicited significant improvement in peak and mean velocity scores for 
both right-and left-handed passes within the six weeks of the training period. 
Overall, the eight subjects improved similarly with both right- and left-handed 
passes. 
All of the eight subjects who were included in the main analysis, and the ninth 
player who also undertook testing at the completion of the study (having 
completed the training intervention), were right-handed. Accordingly, subjects 
tended to exhibit greater pass velocity with their dominant right hand as the top 
hand imparting spin on the ball. Differences between right-handed and left-handed 
mean and peak pass velocities approached significance at the onset of the training 
period. These differences were not close to significance levels at any other test 
occasion following the initiation of the training intervention, largely due to 
considerable improvements in left-handed pass velocity at week two. The 
improvement in left-handed pass velocity thus appeared to help equalise skill 
performance relative to the subjects' dominant right hand. However, additional 
testing at the completion of study revealed a lack of significant correlation 
between performance with heavy and regulation balls when passing left-handed. 
This was in contrast to the close relationship between right-handed heavy and 
regulation ball passing velocity. The reason for the observed difference in 
relationships in terms of performance with heavy ball and regulation ball between 
left hand and right hand is unclear. The more variable performance exhibited with 
the non-dominant (left) hand may reflect less advanced levels of skill acquisition 
associated with left-handed passing in these players. 
The precise mechanisms for increases in throwing velocity with modified (heavy 
and light) ball training are yet to be elucidated. The increases in velocity for the 
passing skill observed in the current study are likely to be mediated by neural 
factors, on the basis that the relative loading offered by the heavy ball is probably 
insufficient to elicit morphological changes. These underlying neural factors 
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likely include improvements in rate of force development (RFD). This RFD 
parameter is dependent on the rate at which the musculature is activated (Stone et 
al, 2003b), and increases can be attributed primarily to enhanced motor firing in 
the brief time interval for force production allowed by the sports skill (Behm, 
1995). Gains in high velocity strength in the specific musculature involved in the 
passing movement may also have been a factor. Authors of a previous overann 
throwing study hypothesised that improvements in the ability to selectively recruit 
high threshold motor units may play a role (DeRenne et al, 1994). It is likewise 
possible that improved intermuscular coordination of agonist, synergist and 
antagonist muscle firing may also have contributed in particular to the significant 
early gains in passing velocity with the non-dominant (left) hand. The complex 
training format featured in the study implies a contrast loading effect. 
Augmentation of power output with contrast loading is taken to originate from 
super-stimulation of the neuromuscular system elicited by the preceding heavier 
load set. The postulated mechanism for this potentiation is a transient disinhibition 
of tension-sensitive reflex and descending inhibitory inputs induced by the heavy 
primer load, which effectively raises the ceiling for power development when the 
target load is subsequently performed (Baker, 2003). 
When trials to assess contrast loading effects were undertaken at the completion 
of the training period, acute augmentation of ball throwing speed was not 
observed to any significant extent. A lack of potentiation in throwing velocity 
associated with contrast loading has been reported previously, in an overarm 
throwing study that used warm up throws with a heavy ball (Straub, 1966). The 
study by Straub (1966) featured high school students with low skill level, so it is 
questionable whether these findings are representative of athletes with greater 
skill level and training experience (van den Tillar, 2004). Another study 
examining employing college baseball players did report a significant 
enhancement in throwing velocity immediately following warm-up throws with a 
heavy ball (van Huss et al, 1962). Acute potentiation of force output with contrast 
loading is widely documented for lower body athletic activities and recently also 
upper body movements (Young et al, 1998, Baker, 2001, Baker, 2003). It may be 
the lack of acute augmentation in the current study simply reflects fundamental 
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differences in the nature of gross athletic movements and fine motor skills. 
Alternatively, it may be a consequence of the fact that testing was undertaken at 
the completion of the study. Investigations of contrast loading to date have 
focussed primarily on acute effects, with chronic effects associated with complex 
training receiving little attention. Neural adaptations resulting from the previous 
six weeks' exposure to the complex training intervention may have masked any 
potentiation, when acute effects were finally assessed at the end of the study 
period. Anecdotally, subjects did experience the sensation that the regulation ball 
'felt lighter' following heavy ball passes during the training intervention, which is 
consistent with a contrast loading effect (Baker, 200 1 d). 
An obvious constraint of the current study is the lack of a control group. However, 
it was necessary to compromise in terms of counterbalanced study design in order 
to attain access to subjects of the calibre featured in the study. Another issue with 
splitting the sample into two groups was the limited numbers involved, which 
would have an impact in terms of statistical power. More pertinently, the academy 
players featured have a narrow window of opportunity to earn a senior contract. 
Given the stakes involved, these players would therefore be averse to being denied 
the opportunity to participate in the heavy ball complex training intervention at 
the expense of other players in their position as a consequence of being randomly 
assigned to the control group. This would have been particularly problematic in 
view of the perceived benefit of the training intervention among the players. 
It is becoming increasingly evident that elite athletes are a special population in 
terms of their specific responses to training. The training parameters that are 
optimal for elite athletes are quite distinct from those of untrained or even trained 
non-athletes. (Peterson et al, 2004). It is recognised that the particular training 
methods that will improve performance are dependent on the individual's skill 
level and training experience (Cronin et al, 2001). It has been highlighted recently 
that there is a paucity of contemporary data from elite level rugby union players in 
particular (Duthie et al, 2003). Concessions 
in terms of experimental protocol may 
therefore be necessary to allow elite athletes to serve as subjects as a means to 
gather data from this special population. 
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Due to the absence of counterbalanced experimental design as a means to 
establish conclusively that the effects observed were attributable to the training 
intervention per se, it is necessary to discuss other factors that could potentially 
account for the observed effects. Firstly, it could be argued that the increases in 
pass velocity were merely a consequence of the extra passing with a regulation 
ball that featured in the training intervention. In young subjects particularly, due 
to their lack of training and playing experience it can be argued that almost any 
form of systematic throwing practice would yield significant results. This is 
illustrated by significant gains made by younger subjects in control groups 
training solely with regulation balls in some overarm throwing studies (van den 
Tillar et al, 2004). This is not applicable to the current study. The subjects 
featured were full-time academy professional players, all of whom had 
representative honours for their country at various age-grades. 
Similarly, the study was undertaken five weeks into the playing season. Hence the 
players who served as subjects had recently completed eight weeks of preseason 
training, during which time the players were fully integrated into senior squad 
training and practices. Furthermore, in the weeks prior to the study period, the 
players participated in their normal in-season training and competitive matches, 
which featured a substantial volume of individual skills and team practices. As a 
result, the subjects in the study had completed a considerable amount of skill 
training before the overweight ball training intervention. A criticism of a previous 
over-ann throwing study that did not feature a control group was that it was 
initiated during the off-season. At this time, it can be argued, a subject's throwing 
arm is deconditioned, and on this basis any form of throwing practice would yield 
positive effects (van den Tillar, 2004). This again does not apply to the current 
study,, given that the subject group entered the training period in peak condition 
and having performed a large volume of skill practice. 
The second potential confounding factor is the effects of concurrent training 
undertaken by the players during the study period. In the case of 
individuals with 
limited strength training experience, strength training can elicit improvements in 
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functional skill performance (Cronin et al, 2001, van den Tillar, 2004). Increases 
in throwing velocity have been observed following strength training in female 
netball players with no strength training experience (Cronin et al, 2001). Increases 
in both throwing velocity and upper body strength are likewise documented in 
both elite junior and college baseball players when introduced to conventional 
strength training (Newton & McEvoy, 1994, Lachowetz et al, 1998). The subjects 
in the current study had significant strength and power training experience, so had 
previously attained a considerable base level of strength and power. On this basis 
it is unlikely that concurrent strength training alone would be sufficient to produce 
the magnitude of performance gains seen. In addition, significant improvements 
were registered as early as two weeks into the study (Tables 5.4.1 and 5.4.2), 
which is inconsistent with a progressive strength training effect. 
The term 'coordination training' has been introduced to describe training modes 
that allow coordination of force output of agonist, synergist and antagonist muscle 
groups in a way that is specific to the movement patterns and velocity of an 
athletic activity (Newton & Kraemer, 1994). The heavy ball complex training 
intervention described clearly fits this definition. Ballistic resistance training for 
sports skills must be highly specific to the target activity. Despite the apparent 
functionality of ballistic bench throw training with regard to the two-handed chest 
pass in netball, this training mode was no more effective in developing netball 
chest pass velocity than conventional (bench press) strength training (Cronin et al, 
2001). The authors concluded that the movement velocity involved in the bench 
throw was too dissimilar to the netball chest pass movement to evoke superior 
gains in chest pass velocity in relation to conventional bench press training. 
Likewise, the divergence in motor patterns involved with two-handed overhead 
and chest pass medicine ball throws are apparently too great to stimulate a training 
effect for baseball throwing velocity, even in junior players with no resistance 
training experience (Newton & McEvoy, 1994). It follows that the training 
implement employed for ballistic resistance training must be of the same 
dimensions as that used for the particular sports activity. With reference to 
throwing sports, a variety of underweight and overweight balls have been 
employed as a means to provide overload in the form of velocity and force, 
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respectively (van den Tillar, 2004). However, results of studies featuring 
overweight ball training interventions in over-arm throwing sports players have 
been more variable (Escamilla et al, 2000, van den Tillar, 2004). 
In the current study, with either hand heavy ball pass velocity was around 15% 
less than that with a regulation ball. From observing the subjects, there were no 
apparent qualitative differences in passing mechanics when using the heavy ball, 
with respect to passes with a regulation ball. The high correlation between heavy 
ball and regulation ball velocity exhibited by subjects when passing with their 
dominant hand would tend to support this. It has been hypothesised that throwing 
modified (under- or over-weight) balls may interfere with the player's 'feel' for 
throwing a regulation ball (Escamilla, 2000). In this aspect the relative volume 
and order of presentation of the modified ball throws may be important. A ratio of 
2: 1 overweight throws in relation to regulation ball throws has previously been 
advocated for overarm throwing interventions (Escamilla, 2000). The current 
study featured a 1: 1 ratio of overweight and regulation ball passes, perfonrning 
sets with each alternately. It is possible that the regulation ball passes interspersed 
between heavy ball sets acted to reinforce motor patterns and helped prevent any 
disruption to the passing skill. 
The degree of loading for the preceding 'primer' exercise found to be effective 
with upper body movements is somewhat less (around 65% bench press 1-RM) 
than that for the lower body (Baker, 2003). In the case of fine motor skills it has 
been proposed that if the contrast load is too great then disruption of the precise 
motor patterns of the sports skill would occur, thereby nullifying any benefits of 
training (Baker, 2001d). Previously, the data of DeRenne et al (1994) indicated 
that a load variation of +/- 20% regulation weight was successful for under- and 
over-weight training interventions, which is consistent with previous data for 
athletic throwing events (Escamilla et al, 2000). Other over-arm throwing studies 
have reported success with balls that are 100% overweight (van den Tillar, 
2004). 
The heavy ball intervention found to be successful in the current study represented 
a greater relative loading, being around 166% 
heavier than the regulation ball. The 
over-arm warm-up study by van Huss et al 
(1962) that successfully showed acute 
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enhancement of throwing velocity employed I loz balls, which were 120% 
heavier than regulation ball weight. However, over-arm training studies 
employing overweight balls of this degree of difference (>100% regulation 
weight) have typically not reported improvements in throwing velocity (van den 
Tillar, 2004). In the study by Straub (1966), subjects threw balls that were 
progressively increased in weight each week, culminating with l7oz balls (240% 
heavier than regulation) in the final week of the study, and no improvement in 
velocity was noted. That said, as noted previously the low skill level of the high 
school students examined may have been a confounding factor in this study. The 
two-handed rugby spin pass is fairly unique, and certainly different to over-arm 
throwing movements. This difference in findings may therefore simply reflect the 
fundamental dissimilarity between the respective sport skills. 
The benefits of underweight ball training interventions have been reported 
previously by a number of studies examining over-arm throwing sports (van den 
Tillar, 2004). Likewise, combination training featuring both overweight and 
underweight (over-arm) ball throws has repeatedly proven to be successful. The 
findings of the current study support the efficacy of overweight ball training for 
the two-handed rugby 'spin' pass. Future research employing underweight balls, 
and a combination of both forms of training may reveal further benefits for the 
passing skill in rugby football. 
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5.4.5. Practical Applications 
A heavy ball complex training intervention significantly improved velocity for the 
two-handed 'spin' pass skill in elite academy professional rugby union football 
players. Both right- and left-handed pass velocities were similarly improved by 
training. These findings are of relevance to rugby football players and coaches at 
all levels. The underlying mechanisms for the improvements reported are yet to be 
elucidated. Further research is necessary to examine chronic effects associated 
with complex training, and resolve the specific role of contrast loading effects in 
the observed augmentation of pass velocity for the two-handed rugby passing 
skill. The application of underweight ball training, employed independently, and 
in combination with heavy ball training, is another area for future study 
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6. Synthesis of Data 
This section will focus initially on the first, second and final studies in the thesis. 
These three studies all adopted a single experimental group design and featured 
senior and academy professional rugby union football players 
The results of the metabolic conditioning study support the efficacy of skill-based 
conditioning games to develop cardiorespiratory fitness in elite-level professional 
rugby union football players. Significant improvement was seen post-training for 
two markers of endurance fitness, specifically HR recovery and %HRmax 
recorded from the final stage of a submaximal intermittent multi-stage shuttle test. 
Strength training in a circuit format proved to be successful in improving lower 
body strength and upper-body strength for the pushing and pulling movements. 
Following the preseason training period strength scores for the deadlift, bench 
press and bench pull lifts were all improved. 
A heavy ball complex training intervention significantly improved velocity for the 
two-handed 'spin' pass skill in elite academy professional rugby union football 
players. Mean and peak velocities for both right- and left-handed passes were 
similarly improved by training. 
These three studies provide data in support of the respective novel approaches to 
training employed in eliciting a response in these professional rugby union 
football Players. To date, there have been no contemporary prospective studies 
published employing rugby union football players at elite level since the advent of 
professionalism in 1996, particularly in the northern hemisphere. Whatever the 
shortcomings of the studies in terms of experimental design, they do represent a 
first step in establishing a body of knowledge relating to these athletes. 
In this void, coaches in the sport at top level continue to rely on their own 
experience, inherited knowledge and convention as the 
basis for their training 
design. The absence of quantitative data relating to rugby union football players 
discourages the use of evidence-based training practices. Professional rugby union 
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is still in its infancy and sport science has yet to fully pervade into the sport. There 
remains a high degree of variation in the approaches and methods used by strength 
and conditioning coaches, and the quality of physical preparation players are 
exposed to, even between the top professional clubs. 
The sport of rugby football is unique, featuring a broad array of body types and 
sizes on a par with American football, and metabolic demands more similar to 
rugby league. In addition, rugby union features physical elements - such as lifting 
team-mates in a line-out, scrummaging, ruck cleans and driving mauls that are not 
seen in any other sport. As a result even if the relevant data did exist for elite 
players in rugby league and American football (which it does not for elite 
players), it is questionable whether these could be generalised as being applicable 
rugby union football players. All of which reinforces the need to gather data 
directly from these athletes to establish a quantitative basis for training 
prescription in professional rugby union. Without applied research studies, which 
will tend to necessarily have to make compromises, it will not be possible to 
bridge this ongoing gap between purest ideals of exercise physiology and what is 
relevant and applicable in the field. 
The Olympic lift training study demonstrated significant carry over of Olympic- 
style pulling lifts to game-related power output for the simulated ruck clean 
movement. The Olympic lift training group exhibited increases in power output 
that were significantly greater than those of the control group (28% increase vs 
8%). These results indicate that Olympic lift training as part of the physical 
preparation for rugby football players may yield benefits in terms of power output 
generated in specific activities against resistance provided by opposing players. 
Ballistic push-up training using the prototype shoulder harness proved effective as 
an upper body ballistic training modality. Weighted BPU training was shown to 
elicit significant increases in the work output measure for the concentric-only 
push-up tests. The improvement in counter-movement push-up work output for 
the BPU training group also approached statistical significance. 
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Conclusions 
Specificity of training has become acknowledged as a fundamental aspect 
governing training responses. Studies in the literature do not always fully account 
for principles of specificity, particularly with regard to the calibre of subjects they 
employ. 
The five training studies featured directly observed the training responses of rugby 
union football players, including elite senior and academy professional players 
and junior academy players of elite level in their respective age-grade. 
Improvements in performance elicited by the respective training interventions 
were consistent with the principles and proposed benefits conferred by metabolic 
and mechanical specificity. 
The findings of the present thesis have direct application for coaches and players, 
in particular those competing at elite level. All of the training interventions 
described have the potential for wider application in the field. 
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Study Limitations 
The major limitation that featured in the three studies featuring senior and 
academy professional players was the lack of counterbalanced study design. As 
covered at some length in the respective discussion sections, this was a necessary 
compromise to secure the participation of these players as subjects. Previously, 
certain studies examining team sports athletes have resolved this problem by 
recruiting control subjects from another team participating at the same level of 
competition. That was not possible in this case, due to my position with the team 
that supplied the subjects for the training studies. 
In the Olympic lift training study, certain methodological issues arose from the 
fact that access to the test facility and apparatus was limited. The Grunt 3000 
testing unit is housed at the national stadium in Twickenham, and to the author's 
knowledge, is the only one of its kind in the United Kingdom. Conducting the 
study was therefore contingent on the goodwill of Dave Reddin, and the English 
Rugby Football Union. Consequently, subjects only had access to the testing 
apparatus on the two scheduled visits to the test facility, for pre- and post-testing. 
The improvement of the control group on the performance test measure in this 
study did indicate a learning effect, as a consequence of the novelty of the testing 
procedure. In addition, a limitation of the software that accompanied the apparatus 
was that it only provided instantaneous feedback of power output, without any 
facility to interrogate the data. It was for this reason that the somewhat arbitrary 
I OOOms time limit for force development was adopted for the test protocol. 
The weighted ballistic push up study also had limitations imposed by the test 
apparatus. The contact mat system used did not offer measurement of the duration 
of force development, which would have allowed power output to be calculated. 
An oversight in the heavy ball complex training study was that assessment of 
heavy ball pass velocity and contrast load trials were not undertaken prior to the 
training intervention. Additional testing to examine acute contrast 
loading effects 
performed at the completion of the training period offered was 
limited in terms of 
the insight it could offer. 
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9. Future Research Directions 
The heart rate-based submaximal intermittent test protocol described has the 
potential to allow future studies to assess changes in cardiorespiratory fitness for a 
preseason period using alternative conditioning formats. Such a study employing 
traditional conditioning methods with elite professional players would allow direct 
comparison with the skill-based conditioning games data presented. 
More data is required to quantify strength training responses of elite rugby 
football players. Studies providing equivalent data to that presented in the present 
thesis would offer an objective basis upon which to assess the effectiveness of 
different training modes and approaches to strength training with these athletes. 
The rucking test apparatus featured in the Olympic lift study illustrates the 
potential benefits of test modes that simulate game-related actions. Development 
of similar testing modes to evaluate performance capabilities for specific 
movements that feature in other sports is a topic for further study. This has the 
potential to provide a means to ob ectively evaluate transfer of training effects to 
performance. 
Applications of the prototype shoulder harness used as part of the weighted 
ballistic push up training described should be explored further. Investigations 
employing players with greater strength training experience will enable the 
potential benefits of this training modality to be more fully examined. Studies 
assessing training responses of senior professional rugby football players with this 
training mode would be of particular interest. 
Further research should focus upon chronic effects associated with complex 
training for upper-body and lower-body movements. There is also a requirement 
for future research to examine the underlying mechanisms for the gains in velocity 
observed with heavy ball complex training for various sports skills, including, but 
not limited to, the two-handed rugby spin pass. The application of underweight 
ball training, possibly in combination with heavy ball training, is another area for 
future study. 
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ABSTRACT. Gamble, P. A skill-based conditioning games ap- 
proach to metabolic conditioning for elite rugby football players. 
J Strength Cond. Res. 18(3)491-497. -The purpose of this study 
was to evaluate changes in endurance fitness of elite-level rugby 
union players (n = 35) undertaking skill-based conditioning 
games for a 9-week preseason training period. Metabolic condi- 
tioning was conducted exclusively in the form of skill-based con- 
ditioning games in conjunction with heart rate (HR) telemetry. 
Two markers of cardiorespiratory fitness were assessed at week- 
ly intervals via the recording of HR responses to an intermittent 
multistage shuttle test. Significant differences post-training 
were observed for the percentage of maximal HR (% HRmax) 
reached during the final test stage and the percentage of HR 
recovery (% HR recovery) from the end of the final stage to the 
end of the final 1-minute rest period. Significant improvements 
were demonstrated for % HR recovery at week 7 ýp < 0.05) and 
week 9 (P < 0.01), and % HRmax in the final test stage was 
significantly lower at weeks 4,5, and 7 (p < 0.05) and week 9 
(p < 0.01). Further improvements from mid-preseason to the end 
of the preseason training period were observed for % HR recov- 
ery scores in week 8 (p < 0.01) and week 9 ýp = 0.012) and for 
% HRmax reached in the final test stage at week 9 (p < 0.05). 
These results indicate skill-based conditioning games were suc- 
cessful at improving markers of cardiorespiratory endurance for 
the duration of a 9-week training period in the elite-level pro- 
fessional rugby union players studied. The HR monitoring was 
demonstrated to be an effective and practical means of quanti- 
fying intensity in the conditioning games format and of tracking 
changes in cardiorespiratory fitness. 
KEY WORDs. heart rate, training specificity, cardiorespiratory 
fitness, recovery score 
IPMRODUCTION 
urmg the past 20 years, sport scientists have 
reached a consensus that the most effective 
mode of training for preparing athletes for 
competition is that which most closely repli- 
cates competitive performance conditions, 
which is the central tenet of "Specificity of Training" (2, 
6,28). This has led to growing interest in sport-specific 
methods to condition athletes for team sports. Condition- 
ing drills that incorporate skills and movements specific 
to the sport are increasingly implemented, with the aim 
of simulating the movement patterns and metabolic con- 
ditions encountered during competition (15,20). An ex- 
tension of this is the Tactical Metabolic Training ap- 
proach (23) whereby players perform set plays modeled 
on match-play scenarios, incorporating work-to-rest ra- 
tios derived from the tactical evaluation of real or "ideal" 
match sequences (22,23). 
One particular challenge for strength and condition- 
ing coaches working in rugby football is providing meta- 
bolic conditioning in the limited time allowed by the con- 
current high volumes of team practices and other forms 
of training-particularly resistance training-that play- 
ers are required to complete. An approach that encom- 
passes both movement and context specificity and one 
that is highly time-efficient involves the use of skill-based 
conditioning games. These comprise purpose-designed 
games featuring modified playing areas and rules, which 
are by definition less structured and conducted in a more 
open and random setting (8). As a result, skill-based con- 
ditioning games are more continuous than the discrete 
drills or modeled plays used under the tactical metabolic 
conditioning format. These methods are increasingly used 
as part of preseason and in-season metabolic condition- 
ing, most notably in the professional rugby league (4,5, 
8). The skill and competition elements that are the key 
features of skill-based conditioning games are likely to 
promote enhanced effort and greater compliance in the 
athletes, which will in turn be manifested in increased 
training intensity (8). In view of this, it is hypothesized 
that the conditioning games training format offers supe- 
rior improvements in cardiorespiratory fitness, compared 
to traditional team sports conditioning methods (i. e., run- 
ning laps or shuttles). 
Training that uses such an inherently unstructured 
format as conditioning games requires some objective 
marker to evaluate the work rates of individual players. 
Heart rate (HR) monitoring is extensively used as the 
most effective and practical means of objectively monitor- 
ing intensity during a training session (24) and quanti- 
fying training loads in the athlete's weekly training log 
(9). The HR monitoring therefore would appear to be a 
crucial adjunct to the skill-based conditioning games ap- 
proach, as a tool to quantify intensity in the conditioning 
game setting. In addition, HR monitoring offers a basis 
on which to assess cardiorespiratory fitness, via the mea- 
surement of cardiorespiratory responses during and im- 
mediately following a standardized work bout (18,28). 
To assess the efficacy of skill-based conditioning meth- 
ods, the preseason metabolic conditioning for an elite-lev- 
el professional rugby union team was undertaken exclu- 
sively in the form of continuous conditioning games. Skill- 
based conditioning games were devised with rule modi- 
fications to ensure that players worked constantly for the 
duration of the work bout. For all players, HR was re- 
corded in all conditioning sessions. Likewise, cardiorespi- 
ratory fitness was monitored via HR responses to a stan- 
dardized interval work bout and assessed at weekly in- 
tervals throughout the 9 weeks of preseason training. 
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TABLE 1. Subject characteristics and HR parameters. * 
Variable Mean ± SD Range 
Age 27.61 ± 4.20 20.42-36.17 
Height 185.42 ± 7.27 170-202 
Body mass 98.61 ± 13.74 80-121 
HRmax 190.37 ± 9.55 174-212 
Resting HR 50.77 ± 6.41 40-65 
* HR = heart rate. 
NftTHODS 
Experimental Approach to the Problem 
All subjects were part of a single experimental group. The 
dependent variables selected were the percentage of HR 
elicited by a constant submaximal workload (% HRmax) 
and the percentage of HR recovery score (% HR recovery 
score). These are both established markers used to track 
progressions in training status. The study design is based 
on the assumption that the changes observed in depen- 
dent variables were due to the conditioning games inter- 
vention. This was deemed valid on the basis that this was 
the only form of metabolic conditioning undertaken and 
that no matches were played during this period. 
Subjects 
The subjects of this study were senior professional rugby 
union players (n = 35). All subjects represented the same 
English Premier league team and included current and 
former international players from the UK and South Af- 
rica. Subject characteristics are presented in Table 1. All 
players were familiar with all conditioning games and 
testing procedures. 
Determination of HR Parameters 
The majority of players (30 of the 35) had a database of 
HR files from the previous 12 months of training. The 
HRmax score was taken as the highest HR recorded dur- 
ing any session in this period and the duration of this 
study in these players. The HRmax of new players was 
taken as their individual peak HR registered in the 9 
weeks of preseason training. For determining the resting 
HR, monitors were fitted to the athletes before the team 
meeting on conditioning days, and the minimum value 
from the resulting HR trace was noted. In this way, the 
resting HR was updated on a continual basis, i. e., when 
a new minimum HR was recorded for a given player. Sim- 
ilarly, the HR reserve (HRR) for each player was calcu- 
lated as the deficit between the athlete's individual 
HRmax and resting HR (10). From these determinations, 
each player was assigned his individualized training zone 
(75-85% HRR), which was updated as necessary on an 
ongoing basis. 
Monitoring Apparatus 
The implementation of skill-based conditioning games 
was underpinned by the use of HR monitoring technology 
(Polar Team HR Monitoring System, Polar Electro, Kem- 
pele, Finland). This is a fully integrated 1-piece model 
that can be used independently of a watch device, with 
the HR files being stored and downloaded directly from 
the sensor strap. The HR trace for each conditioning ses- 
sion was downloaded, and the quality of the session was 
assessed based on the degree to which the player main- 
------ ----- 
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Respective areas both sets of players are required to 
be in when a score is made at each end 
FIGURE 1. Skill-based conditioning game playing area. 
tained his HR in his specific target zone. Printouts of each 
player's HR trace, with their individual HR parameters 
superimposed, were handed out in the following day's 
team meeting. Any additional feedback was given indi- 
vidually by the head coach as required. 
Conditioning Game Design 
Conditioning games were derived from elements of grid- 
iron, netball, and soccer (the playing area for the gridiron 
conditioning game is depicted in Figure 1). Penalties were 
imposed if players were not keeping up with play (i. e., 
within a designated area in the vicinity of the scoring 
zone when a score was made). Penalties included disal- 
lowing the score if the penalized player was on the scoring 
side or awarding double scores if they were assigned to 
be opposition players. Alternatively, offending players 
were made to perform conditioning drills or sprints before 
rejoining play. Likewise, all players were punished with 
"down-and-ups" (dropping to a prone position on the 
ground before rapidly returning to an upright stance to 
resume play) when unforced errors were committed. Pe- 
riodically, conditioning games were also filmed, and video 
analysis was undertaken for the session to generate per- 
formance stats for each player-specifically, the number 
of times each player touched the ball in each period of the 
conditioning game and the number of errors they made. 
In this way, the coaches were able to evaluate each play- 
er's involvement and error count objectively. This practice 
was adopted to guard against players staying on the pe- 
riphery and doing the minimum necessary to keep up 
with play and avoid being penalized, without getting di- 
rectly involved in play. 
Testing 
Cardiorespiratory fitness and, indirectly, autonomic ner- 
vous system (ANS) functioning were assessed on a weekly 
basis. These were based on the HR responses to a stan- 
dardized interval work bout. The test consisted of four 2- 
minute stages, interspersed with 1-minute (passive) rest 
periods, during which subjects remained standing and as- 
sumed standardized stationary postures (static stretches) 
(Sports Science Institute, Cape Town, South Africa). The 
"beep" cadence-hence, shuttle velocity-within each 2- 
minute bout is constant, but the pace is increased with 
each successive stage. The first stage is an easy jog that 
equates to level 1 of the multistage shuttle "bleep" test 
(17). This progresses to rapid striding-analogous to 
bleep test level 8-in the final stage. The 2 intervening 
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stages approximate to level 3 and level 6 of the bleep test 
and essentially serve to progressively prime the cardio- 
respiratory system-the Vo, -"on" response-in readiness 
for the final stage. 
High intraclass correlations have been reported for 
the 20-m multistage shuttle run test (16,17,25), from 
which the test protocol is derived. The effects of psycho- 
logical arousal on HR are reported to be nullified during 
high-intensity exercise involving large muscle groups (1, 
19). Even at the end of the training period, HR intensity 
during the final stage was 88.5 t 3.6% of HRmax, which 
was considered sufficiently high to offset any interference 
effects that were caused by psychological arousal. 
The test provides 2 indices of training status. The first 
is the HR--expressed as a percentage of the player's in- 
dividual HRmax-reached at the end of the final stage. 
A well-established marker of progression in endurance 
training is that a given absolute power output elicits a 
lower percentage of Vo2max-and hence, a lower per- 
centage of the HRmax (7,28). The second index of train- 
ing status is the % HR recovery score. This is derived 
from the decline in HR from the end of the final stage to 
the end of the final 1-minute rest period, expressed as a 
percentage of the player's individual HRR. The HR recov- 
ery after a standardized work bout reflects autonomic 
nerve system function (11,26). This index has likewise 
been shown to be sensitive to training status, with en- 
durance-trained subjects exhibiting a more rapid HR re- 
covery following maximal and submaximal work bouts (3, 
11,28,29). 
TABLE 2. Repeated within-subject contrasts. t 
value 
Weeks % HRmax 
% HR recovery 
score 
Week 1 vs. week 2 <0.01; 1 <0.01* 
Week 2 vs. week 3 >0.05 >0.05 
Week 3 vs. week 4 >0.05 =0.078 
Week 4 vs. week 5 >0.05 >0.05 
Week 6 v& week 6 <0.01* =0.76 
Week 6 vs. week 7 <0.01* <0.01* 
Week 7 vs. week 9 >0.05 >0.05 
* significant difference p<0.01 
t HR = beart rate. 
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Statitistical Analyses 
Group data were analyzed by a 1-way analysis of variance 
(ANOVA) with repeated measures. Simple and repeated 
within-subject contrasts were undertaken in the case of 
significant differences. Comparisons of data for new vs. 
existing players in the squad were undertaken via inde- 
pendent t-tests. Statistical significance was set at p5 
0.05. Data analysis was completed with SPSS software 
(SPSS for Windows, version 10, SPSS Inc., Chicago, IL). 
REsuLTs 
Player characteristics and HR parameters are presented 
in Table 1. One player sustained long-term injury midway 
through the training period, which prevented this player 
from completing preseason training. As a result, this sub- 
ject was excluded from statistical analyses. Testing using 
the multistage intermittent shuttle test was completed at 
the beginning of each week of preseason, with the excep- 
tion of week 8, when players were away for a training 
camp. 
A repeated-measures ANOVA showed significant dif- 
ferences in the % HR recovery score (p < 0.01) for pre- 
vs. post-training tests. The % HRmax at the end of the 
final stage of the test was also significantly lower (p < 
0.01) at the end of preseason training. That said, repeated 
within-subject contrasts showed significant differences in 
both test measures from week 1 to week 2 (p < 0.01) and 
are presented in Table 2. In view of this, repeated-mea- 
sures ANOVAs were rerun for both data sets using week 
2 as the baseline. Simple within-subject contrasts with 
week 2 as the reference again showed that the % HR re- 
covery was significantly improved at week 7 (p < 0.05) 
and week 9 (p < 0.01). Similarly, the % HRmax at the 
end of the final stage was shown to be significantly lower 
10 
q. t 
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FIGURE 2. Group recovery scores. * Significantly higher than 
week 1 (<0.05). ** Significantly higher than week 1 (<0.01). t 
Significantly higher than week 2 (<0.05). tt Significantly high- 
er than week 2 (<0.01). t Significantly higher than week 5 
(<0.05). # Significantly higher than week 5 (<0.01). 
at weeks 4,5, and 7 (p < 0.05) and week 9 (p < 0.01), 
relative to week 2. 
Week 5 was selected as the baseline to evaluate 
changes from mid-preseason to the end of the training 
period. Significantly higher % HR recovery scores were 
observed in week 8 (p < 0.01) and week 9 (p = 0.012), 
and this persisted into the first week of the playing sea- 
son (p < 0.01), as shown in Figure 2. The reductions in 
the % HRmax that were reached in the final test stage 
from mid-preseason (week 5) became significant at week 
9 (p < 0.05), as shown in Figure 3. 
During week 6, there was a significant depression in 
the % HR recovery scores and a significant elevation in 
the end-stage % HRmax (Figures 2 and 3). This was re- 
flected in the repeated within-subject contrasts for week 
6 vs. week 7 (p < 0.01) for the % HR recovery scores 
(Table 2) and was likewise apparent for the % HRmax, 
both for week 5 vs. week 6 (P < 0.01) and for week 6 vs. 
week 7 (p < 0.01), as shown in Table 2. 
Scores for positional categories are presented in Fig- 
ures 4 and 5. There was some indication of differences in 
the rate and magnitude of improvement between differ- 
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ent playing positions; however, there were insufficient 
numbers in each positional group to allow post hoe tests 
to assess any position effect. Any differences were negat- 
ed when playing positions were merged into broader 
groupings. 
To assess differences in training status at the begin- 
ning of preseason, the % HRmax scores were compared 
for existing players and players new to the squad, as 
shown in Figure 6. Independent t-tests were undertaken 
for week 1 and week 2 data. In week 1, the % HRmax 
scores (mean ± SD) for existing players were 94.9 ± 2.8% 
vs. the average scores for new players, which were 97.5 
± 1.1%, bordering on statistical significance (p = 0.078). 
The difference in week 2 was more marked-and reached 
significance (p = 0.015). 
DiscussioN 
Rugby union is essentially the definitive intermittent 
sport, in the sense that patterns of activity during match 
play are highly variable, being dictated by a multitude of 
factors-including the game plan of the opposition and 
refereeing calls. As a consequence, practically speaking, 
it is very difficult to design drills to simulate the contin- 
uum of intensities and movement patterns encountered 
during match play. The solution described that circum- 
vents the need for structured conditioning drills is skill- 
based conditioning games. The conditioning games are 
continuous and require players to operate in the upper 
range of the work-to-relief ratios encountered during 
match play; such games also evoke exercise intensities in 
the range required (-90-100% Vo, max) for optimal gains 
in cardiorespiratory fitness (22,23,27). Skill-based con- 
ditioning games appear to offer far greater intrinsic mo- 
tivation, simply because of the game-play element. It re- 
quires significant motivation to reproduce these high 
work rates on a consistent basis to obtain continued im- 
provements. Practically speaking, most rugby union play- 
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ers are more likely to work at these higher intensities 
under competitive conditions than when they are engaged 
in more traditional conditioning (running laps or inter- 
vals) with no skill or competition element. 
Crucially, this was borne out by the exercise test data. 
Both HR recovery and % HRmax for the final stage 
showed the expected trends indicative of advances in 
training status. A significant improvement was seen post- 
training for both of these markers of endurance fitness. 
These significant effects persisted when week 2 was sub- 
stituted as the baseline to correct for the effects on the 
submaximal HR of the hypervolemis. (increase in blood 
plasma volume) that occur during the early stages of 
training (12), demonstrated in the significant differences 
from week 1 to week 2 (Table 2). Further, continued im- 
provements were observed from mid-preseason to the end 
of the preseason. It should be stated that these gains were 
elicited in already fit players, the majority of whom had 
been trained using conditioning games for the previous 
12 months, and were coming off the back of the most suc- 
cessful season in the club's history. The scope for physi- 
ological adaptation is finite, and the superior early pre- 
season fitness of existing players in the squad suggests 
these players had already fulfilled a good portion of their 
window of adaptation for cardiorespiratory fitness. This 
being the case, these players would be at a stage of phys- 
ical development whereby diminishing returns would be 
expected (10)--thus rendering the fact that gains were 
made throughout preseason training all the more signif- 
icant. 
To my knowledge, this is the first published study to 
quantify changes in cardiorespiratory fitness in response 
to a preseason training program in elite rugby union play- 
ers. The lack of previous studies thus makes a comparison 
of the current findings to existing data impossible. Given 
this, and from an overall scientific perspective, the ideal 
would therefore have been to match subjects for playing 
position and randon-dy assign players to a parallel control 
group. However, the reality is that it would be untenable 
to disrupt the preparation of a professional team to this 
extent in view of the financial rewards and consequences 
of failure (i. e., relegation) contingent on the team's per- 
formance in the subsequent season. Likewise, players 
would be opposed to having their chances of selection 
jeopardized on the basis that they may have been as- 
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signed to the "wrong" experimental group, and their 
physical preparation was not to the same standard as oth- 
er players in their position as a result. 
The study thus rests on the assumption that the ob- 
served improvement in markers of cardiorespiratory fit- 
ness resulted from the skill-based conditioning games 
training intervention. The only other mode of training un- 
dertaken during this period that could conceivably have 
had a metabolic conditioning effect was team 
tactical 
practices. However, HR traces from these sessions 
showed the average work intensity to be considerably 
lower than that elicited by conditioning games 
(unpub- 
lished data). Similarly, by definition, these practice ses- 
sions were not continuous: they featured 
frequent and of- 
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ten extended pauses for fault correction and coaching in- 
put. Further, the tactical practice sessions were intro- 
duced in the latter stages of the preseason training 
period, by which time significant gains in cardiorespira- 
tory fitness were already evident. 
Indirect evidence for the superiority of conditioning 
games as a training mode for athletes in rugby union is 
alluded to by the deficit in early preseason test scores of 
new players in the squad, compared to the existing play- 
ers' average scores (Figure 5). Differences in training sta- 
tus are indicated by the fact that new players required a 
greater percentage of their individual HRmax in com- 
pleting the final test stage. This would suggest that the 
conditioning they were exposed to at previous clubs was 
less successful, certainly in terms of maintaining endur- 
ance during in-season play. 
The skill-based conditioning games approach empha- 
sizes movement specificity to a greater extent than do 
traditional conditioning methods. This is significant, as 
the more specific an activity is to the training mode in 
which endurance gains are made, the greater the degree 
to which these gains are expressed (6,28). The games 
format requires players to react to the movement of both 
teammates and opponents as well as to the movement of 
the ball. In this way, the conditioning games mode of 
training incorporates the changes in direction and veloc- 
ity and the "utility" movements (lateral and backward lo- 
comotion) that are features of match play. A key param- 
eter contributing to endurance performance is exercise 
economy (12). Running efficiency has been identified as 
the major avenue for advancing performance in highly 
trained endurance athletes (2). Exercise economy is pos- 
tulated to be closely related to patterns of motor unit re- 
cruitment, and as such, improvements are highly specific 
to the speeds and power outputs at which athletes habit- 
ually train (12). It follows that the skill-based condition- 
ing games training format should similarly enhance econ- 
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omy for the range of sport-specific modes of locomotion 
and continuum of velocities that are features of match 
play. Indeed, conditioning games may be the optimal 
training mode available to promote these adaptations. 
This sport-specific movement efficiency factor is likely to 
be underestimated by the 20-m shuttle test format, which 
requires only straight-line running and 180' turns. 
Regardless of the apparent effectiveness of the condi- 
tioning games training mode, it is unlikely that coaches 
would be receptive to the use of skill-based conditioning 
games without being able to substantiate that each player 
in the squad is working sufficiently hard in the condi- 
tioning game setting for consistent gains in cardiorespi- 
ratory fitness. In view of this, HR monitoring technology 
is a critical element in the skill-based conditioning games 
approach. As a physiological marker of cardiorespiratory 
intensity, HR has been proven to be a more accurate in- 
dex of exercise intensity during an acute exercise bout 
than are perceptual cues, such as central or peripheral 
ratings of perceived exertion (24). Likewise, HR provides 
a basis for prescribing the intensity that is sensitive to 
environmental conditions (heat and humidity) and the 
changes in training status (28). This offers an objective 
means of verifying that players are working at or above 
their individually determined threshold to ensure a train- 
ing effect, enabling the coaching staff to take appropriate 
steps if a player is not working at the required intensity. 
Similarly, on a longitudinal basis, HR records of training 
sessions allow training load and volume to be logged far 
more reliably, compared to self reports of intensity for 
daily training sessions (9). In this way, the HR offers a 
basis for training loads to be manipulated with a greater 
degree of accuracy as part of the players' long-term per- 
iodized training plan. 
Characteristic changes occur in cardiac ANS modula- 
tion with advances in endurance training status. Reduced 
resting sympathetic input and greater vagal (parasym- 
pathetic) tonic activity are reflected in relative bradycar- 
dia (lowered HR) at rest following a period of endurance 
training (11,28). The HR recovery immediately postex- 
ercise is likewise sensitive to endurance training status, 
with endurance-trained individuals exhibiting an accel- 
erated return to resting levels following the termination 
of exercise (3,11,28,29). This is attributed predomi- 
nantly to enhanced vagal (parasympathetic) reactivation. 
Practically, it is difficult to separate psychological factors 
to obtain a true measure of the resting HR on a consistent 
basis. The measurement of resting HR is therefore too 
unreliable to be used as the primary marker for tracking 
changes in cardiac ANS modulation. In contrast, the HR 
recovery assessed using the intermittent shuttle test 
proved to be an easily implemented and time-efficient test 
that could be conducted with large numbers of athletes. 
The HR recovery after a standardized work bout like- 
wise provides insight into ANS functioning. This is sig- 
nificant, as the disruption of ANS function is the primary 
characteristic of acute overreaching and the chronic state 
Of 
) 
overtraining (13,28). Any marked decrease in a play- 
er s recovery score may indicate sleep disturbance, acute 
fatigue due to alterations in training (acute "overreach- 
ing"), residual fatigue from the previous week's training, 
or other daily stressors. These precursors of overtraining, 
if not addressed, can render the player susceptible to the 
chronically overtrained state. This was evident 
late in the 
preseason, when there was a depression 
in recovery 
scores evident in some playing positions during week 5 
that became particularly marked for the group as a whole during week 6. Paradoxically, this appeared to be pro- 
voked by a decrease in training volume. Preceding the 
week 5 and week 6 tests, players were given Fridays off 
instead of training, which entailed 3 days away from 
training-as opposed to the 2-day weekend rest to which 
they were accustomed. Many players reported the follow- 
ing Monday that they were feeling tired-which was cor- 
roborated by the decline in recovery test scores. It ap- 
pears the active rest provided by the Friday training ses- 
sion actually served to enhance sleep quality and recov- 
ery. Accordingly, when the squad returned to the normal 
weekly training plan (i. e., with Friday training sessions), 
recovery scores continued their previous upward trend, 
which persisted into the first week of the playing season. 
With the high volumes of team practices and other 
training required in rugby football, metabolic condition- 
ing must be as time-efficient as possible to maximize 
gains in the limited training time allowed. Skill-based 
conditioning games enable players to simultaneously de- 
velop an awareness of space and the ability to execute 
game skills and decision-making under pressure and to 
practice effective communication with teammates in a 
simulated competitive environment. Collectively, these 
elements have been termed "game sense" in rugby league 
coaching circles (4,5). Because skill-based conditioning 
games offer players the opportunity to develop game 
skills and communication, coaches are able to continue 
metabolic conditioning even late in the preseason, when 
the training emphasis shifts to skills practice and game 
strategy sessions. A noticeable plateau in endurance per- 
formance measures was observed toward the end of the 
training period, concurrent with the shift in emphasis to 
greater strategy and tactical work, and correspondingly 
less time was engaged in metabolic conditioning. If met- 
abolic conditioning using less time-efficient training con- 
ditioning activities were undertaken, this shift away from 
metabolic conditioning work would likely occur earlier 
and to a greater extent. In this case, reduced total con- 
ditioning time would likely elicit fewer net gains in car- 
diorespiratory fitness at the end of the preseason training 
period. Similarly, the skill element allows conditioning 
work to be continued during the playing season, which in 
turn allows cardiorespiratory endurance to be maintained 
to a far greater extent during in-season play. 
The skill-based games approach to metabolic condi- 
tioning may offer the ancillary benefit of lower injury in- 
cidence rates, compared to traditional conditioning activ- 
ities without a ball (8). Injury rates were adjusted for the 
time engaged in a particular mode of training for the du- 
ration of a rugby league season. The majority of injuries 
were sustained during traditional conditioning work 
without a ball or skill element, in contrast to the low in- 
cidence of injury when participating in skill-based con- 
ditioning games (8). The underlying reasons for the ap- 
parent decreased occurrence of injury associated with 
conditioning games remains to be clarified. There are in- 
dications that skill sports athletes exhibit enhanced agil- 
ity when holding the implement of their sport (14). Sim- 
ilarly, it may be that an underlying factor leading to de- 
creased injury is improved motor control when perform- 
ing sports movements, as opposed to running without a 
ball. Improved neuromuscular control is identified as 
helping guard against "noncontact" injuries (21). What- 
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ever the mechanism, the benefits of less time away from 
the training pitch due to injury will be readily obvious to 
the coach and athlete. 
PRACTIcAL APPLiCATIONS 
To my knowledge, this study provides the first quantita- 
tive data to support the efficacy of skill-based condition- 
ing games as the primary mode of metabolic conditioning 
for elite-level rugby union players. This substantiates the 
proposed theoretical advantages of conditioning games 
with regard to specificity of training. These results, to- 
gether with the findings of a previous investigation that 
indicated lower injury incidence rates associated with 
skill-based conditioning games, suggest the conditioning 
games approach to metabolic conditioning for rugby foot- 
ball players actually offers superior benefits to traditional 
training activities without a skill or competition element. 
Further research quantifying changes in cardiorespira- 
tory fitness for a preseason training period that uses tra- 
ditional conditioning methods in a similar group of ath- 
letes that would also allow a direct comparison with the 
present findings is required for a definitive answer on 
this point. 
The HR monitoring has been demonstrated to be a 
practical means of quantifying training intensity in the 
conditioning games format, providing an objective basis 
to validate this mode of training. Coaches can thus im- 
plement conditioning games as part of their team's met- 
abolic conditioning, secure in the knowledge that they can 
verify each player's work rate in any given training ses- 
sion and, in so doing, gain insight into the work ethic of 
individuals in their playing squad. This study further in- 
dicates that the HR recovery index described has poten- 
tial use as an index for the coaching staff to identify play- 
ers exhibiting disruptions in ANS function indicative of 
acute fatigue that may be precursors of overtraining. 
These findings have the most relevance for coaches in 
rugby unions and rugby leagues. However, this approach 
to metabolic conditioning may also be applied to other 
team sports of an intermittent nature. 
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summary 
The manuscript features a brief dis- 
cussion of the specific physical de- 
mands characteristic of rugby union 
football. This is followed by a ratio- 
nale and description of the ele- 
ments comprising the strength and 
conditioning program for rugby 
union football players at the elite 
level. Finally, a sample perioclized 
strength training macrocycle for the 
training year is included. 
Introduction 
L ike American football, rugby foot- 
ball is an intermittent collision 
sport. As such, a crucial part of 
strength and conditioning is developing 
the levels of strength and hypertrophy of 
muscle and connective tissue in order to 
equip players to cope with the physical 
rigors involved (6,30). Maximal strength 
and explosive power are major program 
goals common to both American foot- 
ball and rugby football. 
Where the sports differ is that both 
league and union codes of rugby football 
are far more continuous in nature than 
American football. Unlike American 
football, play continues after the player 
is tackled, only stopping when the ball 
goes out of play, a technical infringe- 
ment is made, or a penalty is committed. 
Rugby union features considerably 
higher work: rest ratios (8) than Ameri- 
can football and therefore has a much 
greater demand for metabolic condi- 
tioning for the oxidative and glycolytic 
energy systems. 
As a result, strength and conditioning 
coaches working with rugby football play- 
ers face 2 additional challenges. The first 
challenge is to provide appropriate meta- 
bolic conditioning in the most time-effl- 
cient manner. The second challenge is to 
develop and maintain high levels of 
strength and power while athletes arc con- 
currently performing high volumes of 
metabolic training and team practices. 
Strength Training Program 
Design 
From a performance perspective, pro- 
gram design is driven by a desire to de- 
velop athleticism via the use of coordi- 
nated whole-body training movements 
(16). Similarly, exercises are selected to 
maximize carry-over of strength and 
power gains from the gym to the play- 
ing field (17). (Specific examples will be 
given later in the text. ) Accordingly, 
strength training emphasizes sport-spe- 
cific actions, rather than simply train- 
ing single muscle groups in isolation 
(15,16). 
Needs analyses of individual roles of 
players within a rugby union team re- 
veal that the different playing positions 
lie on various points on the maximum 
strength/speed-strength continuum. 
Positional roles are divided into 2 broad 
categories: forwards and backs. The 
main distinction between the roles is 
that the forwards are required to contest 
possession at the restart phases, i. e., 
scrum and lineout. Rugby union has a 
greater emphasis on restart set-pieces 
than the league version of rugby foot- 
ball, and as a result there is a greater dis- 
parity between the roles and physical 
demands of forward and back positions 
in this version of the game (37). Fur- 
ther, rugby union requires players to se- 
cure or contest possession of the ball at 
each tackle. Due to the emphasis on set- 
pieces and contesting at the tackle area, 
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rugby union forwards have a greater re- 
liance on maximal strength than their 
counterparts in rugby league. 
Given that set-piece phases distinguish 
the roles and demands placed upon the 
forward positions from those of the 
backs, a brief description of the physical 
work involved is necessary. In a scrum 
each set of forwards combines to form a 
single unit that engages with the oppos- 
ing pack of forwards to contest a ball 
rolled into the gap between the 2 oppos- 
ing forward packs (29). Rugby union 
rules stipulate that the ball must be 
rolled along a line perpendicular to and 
equidistant from the front rows of op- 
posing forward packs. As a result there is 
a greater effort to contest for the ball by 
physically shoving the opposition pack 
of forwards off the ball as it is fed into 
the scrum (29). 
The lineout is unique to rugby union and 
serves to restart the game after the ball 
goes out of play. This phase of play essen- 
tially involves jumpers being lifted by 
teammates to contest possession of a ball 
thrown in from the sideline. The 
lineout is a highly evolved process, with 
forward positions increasingly being used 
interchangeably as lifters or jumpers to 
disguise where the ball is being thrown. 
Based upon qualitative assessment of the 
physical work involved in these aspects 
of rugby, the predominant biomechani- 
cal action is the simultaneous triple ex- 
tension of hips, knees, and ankles, often 
transmitting force through the shoul- 
ders as the point of contact during colli- 
sions with other players. This triple ex- 
tension likewise characterizes the 
high-force activities involved in contest- 
ing and retaining possession in open 
play and the high-power (high force/fast 
movement speed) dynamic actions asso- 
ciated with jumping and tackling. The 
primary goal of the strength training 
program therefore is to enhance strength 
and power for this triple-extension 
movement. The forward positions par- 
ticularly have a need for both strength 
(heavy load) training and explosive 
power training that emphasizes this spe- 
cific action. 
The resistance training activities select- 
ed are primarily "closed kinetic chain" 
(feet planted) multi-joint movements. 
Players train exclusively with free 
weights, using dumbbells in preference 
to barbells where appropriate (16). The 
principle lifts for all Phases of the peri- 
odized strength training program are the 
high-force power lifts-squat, deadlift, 
and bench press-and the explosive 
Olympic-sryle lifts. Unilateral support 
resistance exercises, such as lunge, step- 
up, and split squat, are core exercises 
that are performed throughout the 
training year (16,27). Additional exer- 
cises to develop the muscle groups that 
assist the prime mover musculature are 
included to develop active joint stability. 
Likewise, resistance training sessions are 
incorporated to address areas typically 
prone to injury position and to remedy 
any preexisting muscular imbalances or 
sites of previous injury (1). 
Later in the periodized training plan, 
specific resisted movements are intro- 
duced with the aim of translating 
strength and power gains developed in 
the gym to game-related actions involved 
in contact phases on the pitch (18). 
Bungee ropes and harnesses are used to 
provide resistance for specific rugby 
movements. These include the engage on 
the scrum machine and simulating clear- 
ing opposing players from the tackle area 
by hitting a rucking shield and tackling 
by hitting tackle pads or teammates in 
armored contact suits. 
All strength training is conducted in a 
circuit format to reduce the time taken 
between exercises. This is a reflectionof 
both the need to train large numbers of 
players in a restricted time and the high 
local muscular endurance demands of 
rugby match play. Rest periods between 
consecutive exercises for similar muscle 
groups are manipulated according to the 
goal of the training cycle. 
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It has been established that strength, 
power, and muscle mass gains are com- 
promised by performing high-intensity 
endurance training earlier in the day be- 
fore strength training (24). These inter- 
ference effects of concurrent strength 
and endurance training are associated 
with conflicting hormonal responses to 
the 2 forms of training (24). Therefore, 
strength training is performed first in 
the day, before metabolic conditioning 
or team practice sessions, 
Injury Profiles of Match Play 
There is a lack of recent comprehensive 
injury studies in elite-level rugby union 
since the advent of professionalism, 
which appears to have engendered an in- 
crease in injury (2). Differences have 
been identified in injury rates and the 
prevalence of different types of injury 
between lower playing grade and higher 
standard competition (2,35). Hence, 
data from amateur rugby has limited ap- 
plication to the professional game in 
England (26). 
The majority of injuries arise from colli- 
sion phases, termed tackle injuries (2, 
12,43). These injuries are distributed 
fairly evenly between the tacklers and 
the players being tackled (12,43). The 
majority of injuries occur during head- 
on tackles, as a consequence of the high- 
er collision forces involved (2,12,43). 
Rugby league play shares the characteris- 
tics of open play phases in rugby union 
(i. e., carrying the ball and tackling). Data 
taken from rugby league identify injuries 
in open play as predominantly occurring 
to the lower body (13), with upper-limb 
(arm/shoulder) and hcad/neck injuries 
being the next most common. The added 
elements of contesting at the tackle area 
(rucks and mauls) and scrummaging de- 
manded of the forward positions pose an 
increased hypothetical risk of head and 
neck injuries (36). Data from interna- 
tional rugby union players show the data 
from rugby league to be fairly representa- 
tive in terms of site of injury, with lower- 
limb injuries being the most common, 
intensity: 8-1 2RM (all lifts) 
Volume: 3-5 full load sets (exercises performed in circuit format) 
Rest: Short rest (<60 seconds) between exercises; core stability work (-2 minutes) 
between sets 
other Training: No other formal training performed in this period 
Monday 
8RM, 3 sets 
Tuesday 
8RM, 3-4 sets 
Parallel back squat 
Dumbbell lunge 
Back extensions 
Dumbbell step-ups 
Split squat 
Single-leg calf raise 
Thursday 
1 ORM, 3-4 sets 
Deadlift 
Incline dumbbell bench press 
Dumbbell lunge 
Bent-over barbell row 
Dips 
Dumbbell step ups 
Dumbbell upright row 
followed by head and neck injuries, with 
upper-limb injuries the least common 
(2). However, it appears that when 
upper-limb injury does occur, it is more 
likely to be severe (2). The most common 
injuries classified as severe in terms of 
weeks missed subsequent to injury are in- 
juries to the knee (2). 
Of particular concern in rugby union is 
the incidence of hyperflexion of the cer- 
vical spine as the head is pushed down- 
wards into the ground under the weight 
of teammates and/or opponents, forcing 
the chin down into the chest, as in the 
case of a collapsed scrum, ruck, or maul 
(36). This is the typical mechanism of 
potentially the most debilitating or even 
fatal injuries to which rugby union play- 
ers are exposed (36). 
Bench press 
One-arm dumbbell row 
Bicep curls 
Standing dumbbell shoulder press 
Bent-over barbell row 
Dumbbell upright row 
Friday 
12 RM, 3-4 sets 
Bent-over dumbbell raises 
EZ Bar (straight-arm) pull-overs 
Lateral dumbbell raises 
Dumbbell bicep curls 
EZ bar tricep extensions 
Dumbbell front raises 
Elastic tubing shoulder rotations 
Previous injury is shown to predispose 
players at all levels to subsequent injury 
in season (26,35). This observation un- 
derlines the importance of rehabilita- 
tion and addressing previous injuries in 
players' physical preparation. 
Injury Prevention/"Prehabili- 
tation": Exercise Selection 
Lo wer Ex tre m ity 
Injury prevention exercises include sta- 
bility ball work to train the hamstrings 
and hip extensors, which are particularly 
prone to injury in running- intensive 
sports. This training modality develops 
strength, balance, and motor control in 
a way that replicates the horizontal 
forces and range of motion featured in 
running (32,39). 
Ankle stability exercises to develop pro- 
prioceptive sense and balance are also 
included. Exercise selection aims to tar- 
get the peroneal muscles, which provide 
active joint stability for the ankle com- 
plex (3). Exercises include calf raises 
holding dumbbells as part of the player's 
strength training program in the gym 
and supplementary functional training 
using specialized apparatus, such as 
ankle disks (3,5). 
UpperBody 
As a consequence of its high degree of 
mobility, the shoulder joint is reliant on 
dynamic (i. e., muscular) stability (31). 
This factor is of critical importance, as 
the shoulder is the main point of contact 
in all collision phases. Specifically, dur- 
ing tackles, ruck cleans, and the engage 
at scrum-time, the shoulders are subject- 
ed to high-impact forces. Thus, injury 
prevention for the upper body mainly 
addresses the muscles of the rotator cuff 
and the stabilizer muscles around the 
scapula (41). A minimum of 1 workout 
a week is dedicated solely to single-joint 
auxiliary exercises to maintain the struc- 
tural integrity of the shoulder complex. 
These exercises comprise mainly raises 
in various planes. Dumbbells, free 
weights, curl bars, and resistance tubing 
are used for resistance. 
Neck 
There is a commercially available har- 
ness that allows free weights to be hung 
from the head to allow specific training 
of the neck musculature. Both isometric 
(static hold) and dynamic actions are 
performed. This helps to develop the ca- 
pacity to resist forces acting to hyperflex 
the cervical spine (36). 
Metabolic Conditioning 
A key feature that separates rugby foot- 
ball from American football is the lack 
of pause between each play, thereby in- 
volving considerably greater energetic 
demand, particularly in terms of oxida- 
tive and glycolytic energy systems. 
Specifically, the fact that play continues 
after a tackle is made in rugby union 
August 2004 - Strength and Conditioning Journal 
FrequencyA x per week: I whole body; 1 upper body; 1 lower body; 1 assistance 
intensity: 8-1 2RM (all lifts) 
Volume: 3-5 full load sets (exercises performed in circuit format) 
Rest: Short rest (<60 seconds) between exercises; core stabilitywork (-2 minutes) between sets 
OtherTraining: No other formal training performed in this period 
Monday 
SRM, 3 sets 
Parallel back squat 
Dumbbell lunge 
Romanian cleadlift 
Back extensions 
Split squat 
Single-leg calf raise 
Thursday 
12RM, 3 sets 
Deadlift 
Dumbbell lunge 
Back extensions 
Dumbbell step-ups 
Split squat 
Single-leg calf raise 
leads to multiple consecutive phases of 
play, requiring a high level of metabolic 
conditioning. 
Conditioning drills that incorporate 
skills and movements specific to the 
sport are often used (25,28,33), with 
the aim of simulating the movement 
patterns and metabolic conditions en- 
countered during a rugby game. Howev- 
er, practically it is very difficult to design 
drills to simulate the continuum of in- 
tensities and movement patterns en- 
countered during rugby match play. The 
pace of the game and the amount of ball- 
in-play time is directly influenced dur- 
ing any given match by the environmen- 
tal conditions and game plan of the 
opposition. For example, in wet condi- 
tions and playing against conservative 
opposition, there will inevitably be 
Tuesday 
SRM, 3 sets 
Bench press 
Bent-over barbell row 
Standing dumbbell shoulder press 
One-arm dumbbell row 
Bench dips 
Dumbbell upright row 
Friday 
12RM, 3 sets 
Incline dumbbell bench press 
Bent-over barbell row 
Standing dumbbell shoulder press 
One-arm dumbbell row 
Dips 
Dumbbell upright row 
greater emphasis on the tactic of kicking 
the ball out of play to gain territorial ad- 
vantage with a view to contesting pos- 
session at the subsequent lineout; hence, 
there are far more stoppages and less 
time with the ball in play. Therefore, it is 
often spurious to model conditioning 
on time-motion studies undertaken on 
rugby union, given the variability inher- 
ent in any given game and the competi- 
tion studied. 
A solution that circumvents the need for 
structured conditioning drills is the use 
of skill-based conditioning games. Con- 
ditioning games are derived from ele- 
ments of American football, netball, 
soccer, and rugby league and are played 
on customized playing areas with rule 
modifications to ensure that players 
must work continuously. Hereby, the 
Wednesday 
1 ORM, 3-4 sets 
Bent-over dumbbell raises 
EZ bar pull-overs 
Dumbbell front raises 
Dumbbell bicep curls 
EZ Bar tricep extensions 
Lateral dumbbell raises 
Elastic tubing shoulder rotations 
conditioning games are continuous and 
require players to operate in the upper 
range of work: relief ratios encountered 
during match play. These are used in 
conjunction with heart rate telemetry to 
assess each player's work-rate. Players 
are assigned their own target heart rate 
(HR) range (75-85% heart rate reserve) 
and are instructed to operate in the 
upper range of this zone. My observa- 
tion and experience is that conditioning 
games elicit intensity equivalent or su- 
perior to traditional conditioning activi- 
ties and provide considerably greater 
total work time. 
The games format requires players to 
react to the movement of both team- 
mates and opponents, as well as follow- 
ing the ball. In this way, the condition- 
ing games training mode incorporates 
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Frequency: 5x per week: 2 upper body; 2 lower body; I assistance 
Intensity: 8-12RM (all lifts) 
Volume: 3-5full load sets (exercises performed in circuit format) 
Rest: Short rest (<60 seconds) between exercises; abdominal work (-2 minutes) between sets 
OtherTraining: Metabolic conditioning performed five days a week 
Strength training performed in the morning before conditioning or practice sessions 
Week 1 
Monday Tuesday 
8RM, 5 sets 8RM, 5 sets 
Bench press Parallel back squat 
Bent-over barbell row Dumbbell lunge 
Standing dumbbell shoulder press Romanian cleadlift 
One-arm dumbbell row Backextensions 
Bicep curls Dumbbell step-ups 
Dumbbell upright row Split squat 
Single-leg calf raise 
Thursday Friday 
12RM, 4 sets 10 RM, 3 sets 
Bent-over dumbbell raises Incline dumbbell bench press 
Lateral dumbbell raises Bent-over barbell row 
Dumbbell bicep curls Standing dumbbell shoulder press 
Dumbbell front raises one-arm dumbbell row 
EZ bar tricep raises Dips 
Elastic tubing shoulder rotations Dumbbell upright row 
Week 2 
Monday Tuesday 
8RM, 5 sets 8RM, 5 sets 
Parallel back squat Bench press 
Dumbbell lunge One-arm dumbbell row 
Romanian cleadlift Bicep curls 
Backextensions Standing dumbbell shoulder press 
Dumbbell step-ups Bent-over barbell row 
Single-leg calf raise Dips 
Dumbbell upright row 
Thursday Friday 
I ORM, 3 sets 12RM, 4sets 
Deadlift Bent-over dumbbell raises 
Dumbbell lunge EZ bar (straight-arm) pull-overs 
Backextensions Lateral dumbbell raises 
Dumbbell step-ups Dumbbell bicep curls 
Split squat Dumbbell front raises 
Single-leg calf raise EZ bar tricep raises 
Elastic tubing shoulder rotations 
Note: Week 2 frequency in parentheses. 
the changes in direction and velocity 
and the "utility" movements (lateral and 
backwards locomotion) that are featured 
in match play. Exercise economy is 
closely related to patterns of motor unit 
recruitment, and, as such, improve- 
ments are highly specific to the speeds 
and power outputs at which athletes ha- 
bitually train (22). It follows that the 
skill-based conditioning games training 
format should similarly enhance econo- 
my for the range of sport-specific modes 
of locomotion and the continuum of ve- 
locities that are featured in match play. 
Conditioning games may be the optimal 
training mode available to promote 
these adaptations. 
As a result of the high degree of similari- 
ty between conditioning games and 
rugby match play, cardiorespiratory fit- 
ness gains made in this training mode 
are more likely to be reflected in terms of 
"match fitness" (9,42). By training this 
way in-season, reserve players are able to 
maintain a level of match fitness despite 
a lack of game time. 
From a coaching standpoint there is 
also a mental conditioning element. 
The conditioning games encourage 
players to adopt good habits, such as 
remaining involved in play and keep- 
ing unforced errors to a minimum 
while fatigued. The capacity of indi- 
vidual players to maintain high work 
rates during conditioning games has 
great relevance for the coaches, in 
terms of criteria for selection. If the 
HR records for a player show that he 
persistently fails to motivate himself to 
work sufficiently hard during condi- 
tioning game sessions despite repeated 
feedback, the coach will likely not risk 
playing him in a match on the grounds 
of poor work ethic. This is particularly 
the case for the work- rate-o rie n ted 
forward positions, who are primarily 
responsible for securing or contesting 
possession at each tackle. 
A reduced relative incidence of injury 
has been reported among rugby league 
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Frequency: 4x per week: 2(1) upper body; 1(2) lower body; 1 assistance 
players when performing conditioning 
games, in comparison to traditional 
conditioning activities (e. g., running 
without a ball) 0 1). Injury rates adjust- 
ed for the time engaged in a particular 
mode of training for the duration of a 
rugby league season revealed that the 
majority of injuries were sustained dur- 
ing traditional conditioning work with- 
out a ball or skill element (11). In con- 
trast, there is a low incidence of injury 
reported when participating in skill- 
based conditioning games. The underly- 
ing reasons for the apparent decreased 
occurrence of injury associated with 
conditioning games remains to be clari- 
fied. It may be that a mediating factor in 
this decreased incidence of injury is im- 
proved motor control when performing 
sports movements, as opposed to run- 
ning without a ball. Improved neuro- 
muscular control is identified as helping 
to guard against noncontact injuries 
(32). Whatever the mechanism, the ben- 
efits of less time away from the training 
pitch due to injury will be readily obvi- 
ous to the coach and athlete. 
Plyometric Training 
Plyometric training is introduced dur- 
ing preseason on non-weight-training 
days. Depth jumping is approached 
with caution for players weighing more 
than 100 kg, which tends to be the case 
with forwards, particularly in rugby 
union. It has therefore been recom- 
mended that these players not exceed a 
depth jump drop height of 18 inches (46 
cm) (34). As training macrocycles 
progress, plyometric exercises are intro- 
duced into gym sessions prior to weight 
training. The in-season progression in- 
volves plyometric drills being "com- 
plexed, " or alternated, with heavy whole 
body powerlifts and Olympic-style lifts. 
Jumping to intercept balls thrown into 
the air is incorporated to increase con- 
text specificity. The use of a mechanical 
jump-and-reach measurement device to 
gauge height jumped for instant feed- 
back is helpful when performing jumps 
and depth jumps to help maintain moti- 
vation and effort. 
Volume-3-5ful I load sets (exercises performed in circuit format), 
Rest: Multi-joint I ifts 2-3 minutes; assistance I ifts 60 seconds; core work (-2 minutes) between sets 
Other Train ing: Metabolic condition in g performed 4-5 days per week 
Moderate intensity plyometrics and agility and quickness drills performed three days/week 
Week 1 
Monday Tuesday 
6RM, 4-5 sets 8RM, 4-5 sets 
Bench press Bent-over dumbbell raises 
Barbell bench row EZ bar (straight-arm) pull-overs 
Bicep curls Lateral dumbbell raises 
Standing dumbbell shoulder press Dumbbell bicep curls 
One-arm dumbbell row EZ bar tricep raises 
Dumbbell upright row Dumbbell front raises 
Elastic tubing shoulder rotations 
Thursday Friday 
6RM, 4-5 sets 8RM, 4-5 sets 
Push press Incline dumbbell bench press 
Parallel back squat Bent-over ba rbel I row 
Dumbbell lunge Standing dumbbell shoulder press 
Romanian deadlift One-arm dumbbell row 
Back extensions Dips 
Dumbbell step-ups Dumbbell upright row 
Single-leg calf raise 
Week 2 
Monday Tuesday 
SRM, 4-5 sets SRM, 4 sets 
Clean pull Bench press 
Parallel back squat Bent-over barbell row 
Dumbbell lunge Standing dumbbell shoulder press 
Romanian cleadlift One-arm dumbbell row 
Back extensions Bicep curls 
Single-leg calf raise Dumbbell upright row 
Thursday Friday 
5RM, 5 sets SRM, 4 sets 
Splitjerk Bent-over dumbbell raises 
Deadlift EZ bar (straight-arm) pull-overs 
Dumbbell step-ups Lateral dumbbell raises 
Back extensions Dumbbell bicep curls 
Split squat EZ bar tricep raises 
Single-leg calf raise Dumbbell front raises 
Elastic tubing shoulder rotations 
Note: Week 2 frequency in parentheses. 
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Frequency: 4x per week; 2(1) upper body; 1(2) lower body; lass istance 
I ntensity: 5-8RM multi-joint I ifts; 8RM assistance I ifts 
Intensity: 8-10RM (a III ifts) 
Volume: 3-5 ful I load sets (exercises performed in circuit format) 
Rest: Short rest (<60 seconds) between exercises; core stability work (-2 minutes) between sets 
OtherTraining: 
Metabolic conditioning reduced to three days per week 
Moderate intensity plyometrics and agility and quickness drills performed 2 days per week 
Strength training performed in the morning before conditioning or practice sessions 
Monday Tuesday Wednesday 
Week 1,8RM 
Week 2,6RM 
5 sets 
Week 1,8RM 
Week 2,6RM 
5 sets 
Week 1,1 ORM 
Week 2,8RM 
4 sets 
Clean pull 
Parallel back squat 
Dumbbell lunge 
Back extensions 
Split squat 
Single-leg calf raise 
Thursday 
Week 1,10 RM 
Week 2,8RM 
3-5 sets 
Deadlift 
Split squat 
Romanian cleadlift 
Back extensions 
Dumbbell step-ups 
Single-leg calf raise 
Sprint Work 
In the early phases of the periodized 
plan (early to mid-preseason), technique 
drills are performed to develop efficient 
running mechanics. Likewise, bounding 
(a variety of explosive cyclic stepping 
and hopping actions) is implemented at 
progressively increasing intensities, in 
association with plyometric training. 
Towards the end of the preseason phase, 
resisted (sprinting uphill, towing sleds, 
or running attached to bungee ropes) 
and assisted (downhill running or towed 
Bench press 
Barbell bench row 
Standing dumbbell shoulder press 
One-arm dumbbell row 
Dips 
Dumbbell upright row 
Friday 
Week 1,1 ORM 
Week2,8RM 
3-5 sets 
Incline dumbbell bench press 
One-arm dumbbell row 
Dumbbell bicep curls 
Standing dumbbell shoulder press 
Bent-over barbell row 
Bench dips 
Dumbbell upright row 
running) methods are introduced to de- 
velop stride length and stride frequency, 
respectively (7). 
Core Stability 
Rugby football requires a strong core 
and good motor control to stabilize the 
trunk and to maintain upright posture 
while changing direction at speed. This 
aspect is also important when being lift- 
ed to contest possession at lineouts and 
kickoffs. Strong core and lumbo-pelvic 
stability are necessary for efficient trans- 
Bent-over dumbbell raises 
EZ bar pull-overs 
Lateral dumbbell raises 
Dumbbell bicep curls 
Dumbbell front raises 
EZ bar tricep extensions 
Elastic tubing shoulder rotations 
fer of force from the ground up during 
collision phases (tackling, cleaning 
rucks, and scrummaging). These ele- 
ments are similarly important for guard- 
ing against injury (4,32). The focus is 
on Swiss ball work, using medicine balls 
for added resistance as necessary. This 
provides a labile surface, which demands 
a coordinated response from the core 
musculature to stabilize the athlete (40). 
When performing abdominal work, 
there is a tendency for anterior bias (i. e., 
focusing on the muscle groups that can 
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Frequency: 5x per week: 2 upper body; 2 iower body; I assistance 
be seen in the mirror). To counter this 
bias, there is a particular emphasis on 
exercises for the transversus abdominus, 
obliques, and lumbo-pelvic muscula- 
ture. Exercises include curls on the ball, 
bridging exercises, and lumbo-pelvic 
support exercises. 
AgilityTraining 
There is a focus on ladder drills and low 
hurdle work for developing quick feet. 
This also has direct application for 
movement in the lineout for the for- 
ward positions. Slalom pole drills are 
implemented to practice the skill of 
spinning out of collisions to evade tack- 
lers. All drills feature a ball and defend- 
ers where possible and appropriate to 
enhance context specificity (21). As 
training advances, these drills are sup- 
plemented by one-on-one attacker/de- 
fender work with a tether joined by Vel- 
cro or popper fasteners. The goal of the 
attacker is to "wrong-foot" his oppo- 
nent and thus break the tether bond; 
the defender aims to shadow his partner 
to keep the tether intact. This develops 
motor control for the close quarter reac- 
tive movements involved in evading 
tacklers and puts the athlete into an op- 
timal position to make a tackle when 
defending. 
Warm-up and Stretching 
General warm-up (low-intensity aerobic 
activity) should precede all training ses- 
sions, as well as matches. For practice 
sessions on the training pitch, this 
warm-up will be in the form of submaxi- 
mal running, generally including a ball- 
handling element to maintain the play- 
e rs' interest. For gym sessions, 
ergometers such as rowing machines, 
climbers, or Nordic skiers are ideal, as 
they provide whole body activities. The 
rationale for this general warm-up is 
that it raises core and muscle tempera- 
ture to decrease muscle viscosity, which 
guards against muscle-tendon injury 
(14,20). 
Ballistic stretching is now largely avoid- 
ed, on the grounds that it can cause 
Intensity: 4-6RM multi-joint lifts; 8RM assistance lifts 
Vol u me: 3-5 fu II load sets (exercises performed in circuit format) 
Rest: Multi-joint I ifts 2-3 minutes, assistance I ifts60 seconds; a bdomina I work 
(-2 minutes) between sets 
OtherTraining: Metabolic conditioning two days per weekto allow for more tactical 
practice sessions 
Moderate-high intensity plyometrics and agility and quickness drills performed 2 
days per week before gym sessions 
Resisted and assisted sprint training drills introduced 
Rugby-specific resistance training exercises introduced 
Strength training performed in the morning before conditioning or practice sessions 
Monday 
Week 1,5RM 
Week 2ARM 
4-5 sets 
Tuesday 
6RM 
5 sets 
Clean pull 
Overhead full squat 
Splitjerk 
Parallel back squat 
Lunge 
Romanian cleadlift 
Thursday 
Week 1,5RM 
Week 2,4RM 
4-5 sets 
Power clean 
Bench press 
Push press 
Deadlift 
one-arm dumbbell row 
musculotendinous damage and because 
it evokes stretch reflexes and therefore 
does not allow the muscle to relax (20). 
Furthermore, there is growing evidence 
that static stretching may be counter- 
productive prior to matches and high- 
intensity training sessions with a high 
muscular power requirement. Similarly, 
there is increasing data indicating that 
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Incline dumbbell bench press 
Bent-over barbell row 
Standing dumbbell shoulder press 
Back extensions with barbell 
Dumbbell upright row 
Single-leg calf raise 
Friday 
8RM 
5 sets 
Bent-over dumbbell raises 
EZ bar pull-overs 
Lateral dumbbell raises 
Dumbbell bicep curls 
Dumbbell front raises 
EZ bar tricep raises 
Elastic tubing shoulder rotations 
static stretching leads to short-term im- 
pairment of dynamic strength and 
power output (44), and the injury pre- 
vention effect that is supposed to occur 
with static stretching appears to be ab- 
sent. Likewise, there is recent evidence 
that proprioceptive neuromuscular fa- 
cilitation (PNF) stretching also has a 
negative effect on dynamic performance 
Frequency: 4x per week: 1 whole body; I upper body; I lower body; 1 assistance 
Frequency: 3x per week 
Intensity: 3-5RM (all lifts) 
Volume: 3-5 full load sets (exercises performed in circuitformat) 
Rest: 3-4 minutes between exercises; core stabilitywork (-2 minutes) between sets 
other Training: Strength training performed in the morning before conditioning or practice sessions 
Monday 
Week 1,4RM 
Week2-3,3RM 
4-5 sets 
Clean pull 
Push press 
Bench press 
Deadlift 
Barbell bench row 
capabilities, as evident from short-term 
reductions in vertical jump height (44). 
Given this, it appears prudent to avoid 
both static and PNF stretching prior to 
matches and training sessions that have 
an emphasis on speed or power, as will 
be the case for most training for rugby. 
This would include sprint work, agility 
and quickness drills, and plyometric 
training, as well as explosive power 
training (Olympic-style lifts or ballistic 
resistance exercises) in the gym. 
Static and PNF stretching does still have 
its place in terms of flexibility training 
for long term increases In joint range of 
motion. These stretches are implement- 
ed after strength training gym sessions 
and during warm-down postmatch and 
after training and practices. In addition, 
gastrocnemius and soleus stretches are 
incorporated for injury prevention, par- 
ticularly for players presenting with calf 
stiffness or plantar fasciitis (38), as is 
common among athletes in running- 
and jumping-intensive sports. 
Dynamic stretches, such as walking 
lunges, sprint technique drills, and re- 
hearsals of sport-related actions at low to 
Wednesday 
80% Week 1,4RM 
80% Week 2&3,3RM 
3-5 sets 
Splitjerk 
Parallel back squat 
Romanian cleadlift 
Ballistic push-ups 
One-arm dumbbell row 
moderate intensity are all advocated as 
alternative specific warm-up modes to 
prepare the athlete for competition and 
speed/power training in a way that does 
not hinder subsequent performance or 
risk injury (10,14). These stretches are 
performed with increasing intensity as 
warm-up advances, by way of progres- 
sively warming up the athlete in readi- 
ness for the match or training session. 
Sample Periodized Plan 
The example given is based on the Eng- 
lish Premiership rugby union season 
schedule. The competition calendar 
runs from September to May, with for- 
mal preseason training starting at the 
beginning of July. The plan can be mod- 
ified for application to rugby league 
(which has a summer playing season) by 
adjusting the timing of the respective 
training cycles. 
There are several disparate training 
goals-specifically hypertrophy, strength 
and explosive power, and injury preven- 
tion-all of which must be addressed in 
the course of the training plan. This is 
achieved by planned variations in the 
training program that systematically 
shift the emphasis to promote different 
training effects at different phases of the 
Friday 
90%Weekl, 4RM 
90%Week2&3,3RM 
4-5 sets 
Powerclean 
Overhead full squat 
Ballistic push-up 
Resisted hip/knee drive 
Alternate box hops 
training period. In addition, varying the 
training at regular intervals prevents 
plateaus in training adaptations. 
All strength training is conducted in a 
circuit format to address muscular en- 
durance needs. Rest periods between 
consecutive exercises for similar muscle 
groups are manipulated according to 
the goal of the training cycle. Intensity 
guidelines are given as the repetition 
maximum (RM) for the specified num- 
ber of repetitions. Volume recommen- 
dations are made for full load sets. 
However, all gym sessions should be 
preceded by a warm-up circuit with 
75-80% resistance of the prescribed 
RM load for each lift. Strength training 
is performed first in the day, before 
metabolic conditioning or other train- 
ing (24) 
Active Rest 
This phase encompasses the 2 weeks fol- 
lowing the final match of the season. 
Players are encouraged to refrain from 
formal strength training and metabolic 
conditioning for the duration of the 2- 
week period, with the exception of 
recreational activities and light resis- 
tance work. 
I 
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Weeks 1-2,6RM 
Weeks 3-4, SRM 
Week 5,4RM 
3 sets 
Clean pull 
Push press 
Parallel back squat 
Lunge 
Romanian cleadlift 
Weeks 1-2,6RM 
Weeks 3-4,5RM 
Week 5,4RM 
3 sets 
Powerclean 
Resisted hip/knee drive 
Push press 
Deadlift 
Back extensions with barbell 
Dumbbell step up 
Weeks 1-2,6RM 
Weeks 3-4,5RM 
Week 5,4RM 
3 sets 
Bench press 
Barbell bench row 
Standing dumbbell shoulder press 
One-arm dumbbell row 
Dumbbell bicep curls 
Weeks 1-2,8RM 
Weeks 3-4,6RM 
Week5,5RM 
3 sets 
Incline dumbbell bench press 
Bent-over barbell row 
Standing clumbbellshoulder press 
One-arm dumbbell row 
Dips 
Dumbbell upright row 
Weeks 1-2,5RM Weeks 1-2,6RM 
Weeks 3-4,4RM Weeks 3-4,5RM 
Week5,3RM Week 5,4RM 
3 sets 3 sets 
Clean pull Bench press 
Overhead squat Barbell bench row 
Splitjerk Standing dumbbell shoulder press 
Parallel back squat One-arm dumbbell row 
Split squat Dumbbell bicep curl 
Romanian cleadlift Dumbbell upright row 
Weeks 1-2,8RM 
Weeks 3-5,6RM 
2-3 sets 
Power clean (<6 reps) 
Ballistic push-up 
Resisted hip/knee drive 
Incline dumbbell bench press 
Dumbbell front raises 
Resistance tubing shoulder rotations 
Single-leg calf raise 
Weeks 1-2,8RM 
Weeks 3-5,6RM 
2-3 sets 
Splitjerk 
Bench press 
Overhead full squat 
Bent-over dumbbell raises 
Resistance tubing shoulder rotations 
Dumbbell bicep curl 
Weeks 1-2,8RM 
Weeks 3-5,6RM 
2-3 sets 
Push press 
Ballistic push-up 
Bent-over barbell row 
EZ bar pull-overs 
Dumbbell lateral raise 
Resistance tubing shoulder rotations 
Single-leg calf raise 
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Tuesday Wednesday Friday 
Tuesday Wednesday Friday 
Tuesday Wednesday Thursday 
Weeks 1-2,6RM 
Weeks 3-4,5RM 
Weeks 5-6,4RM 
3 sets 
Clean pull 
Push press 
Parallel back squat 
Alternate box hops 
Romanian cleadlift 
Weeks 1-2,6RM 
Weeks 3-4,5RM 
Weeks 5-6,4RM 
3 sets 
Power clean 
Resisted hip/knee drive 
Push press 
Deadlift 
Back extensions with barbell 
Dumbbell step up 
Weeks 1-2,6RM 
Weeks3-4, SRM 
Weeks 5-6,4RM 
3 sets 
Bench press 
Barbell bench row 
Standing dumbbell shoulder press 
One-arm dumbbell row 
Dumbbell bicep curls 
Weeks 1-2,8RM 
Weeks 3-4,6RM 
Weeks 5-6,5RM 
3 sets 
Incline dumbbell bench press 
Bent-over barbell row 
Standing dumbbell shoulder press 
One-arm dumbbell row 
Dips 
Dumbbell upright row 
Weeks 1-2,5RM Weeks 1-2,6RM 
Weeks 3-4,4RM Weeks 3-4,5RM 
Weeks5-6,3RM Weeks 5-6,4RM 
3 sets 3 sets 
Clean pull Ballistic push-up 
Overhead squat Bench press 
Splitjerk One-arm dumbbell row 
Resisted hip/knee drive Standing dumbbell shoulder press 
Parallel back squat Dumbbell upright row 
Romanian cleadlift 
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Weeks 1-2,8RM 
Weeks 3-6,6RM 
2-3 sets 
Power clean (<6 repetitions) 
Ballistic push-up 
Resisted hip/knee drive 
Dumbbell front raises 
Resistance tubing shoulder rotations 
Single-leg calf raise 
Weeks 1-2,8RM 
Weeks 3-6,6RM 
2-3 sets 
Splitjerk 
Bench press 
Overhead full squat 
Bent-over dumbbell raises 
Resistance tubing shoulder rotations 
Dumbbell bicep curl 
Weeks 1-2,8RM 
Weeks 3-6,6RM 
2-3 sets 
Push press 
Incline dumbbell bench press 
Dumbbell lateraý raise 
EZ bar pull-overs 
Dumbbell bicep curl 
Resistance tubing shoulder rotations 
Single-leg calf raise 
Tuesday Wednesday Friday 
Tuesday Wednesday Friday 
Tuesday Wednesday Friday 
off-season Cyc/e 
The length of the off-season is dictated 
by the team's progress in the end-of-sea- 
son play-offs and participation in Euro- 
pean cup competition semi-finals and fi- 
nals. Thus, the off-season may last 
anywhere from 2 weeks (if involved in a 
play-off championship final) to 5 weeks 
(if the team failed to qualify for either 
championship or wild card play-offs and 
is not involved in the final stages of Eu- 
ropean competitions). 
The off-season is a key opportunity for 
strength training without the con- 
straints and possible interference effects 
of concurrent metabolic conditioning 
and team practices. Injuries and existing 
muscular imbalances are likewise ad- 
dressed in this period. 
Off-season strength training consists of 
2 microcycles: an initial 4 d/wk micro- 
cycle (Table 1 a) and a5 d/wk microcycle 
(Table 1b) implemented in the 2 weeks 
leading up to the beginning of preseason 
practice. No other formal training is 
performed in this period. 
Hypertrophy #I Cycle 
(Preseason Weeks 1-2) 
High training volume (3-5 full load sets) 
is combined with moderate loads 
(8-12RM) and short rest periods (<60 
seconds between exercises). Exercises are 
performed as a circuit to reduce the time 
taken between consecutive exercises. 
Core stability work is performed be- 
tween each circuit to allow some active 
recovery. The combination of load 
scheme and elevated lactic acid levels re- 
sulting from the short rest intervals is de- 
signed to promote optimal testosterone 
and growth hormone responses for lean 
muscle growth, or hypertrophy (23). 
Four sessions are performed in each of 
the 2 weekly microcycles based around 
an upper/lower body split routine, sup- 
plemented by an assistance lifts (arms 
and shoulder complex) workout (Table 
2). Metabolic conditioning is performed 
3-S RM, 2-3 sets 
Clean pull 
Overhead squat 
Push press 
Bench press 
One-arm dumbbell row 
5 days a week in this period. As in the re- 
mainder of the preseason, strength 
training is performed in the morning be- 
fore conditioning or practice sessions. 
Strength# I Cycle 
(Preseason Weeks 3-4) 
High volume (4-5 full load sets) is 
maintained in this phase; the specific 
number is at the discretion of the 
strength coach on each training day. 
Greater weight (5-8RM multi-joint 
lifts) is lifted to promote greater 
strength gains. Players continue to train 
in a circuit format, but rest periods are 
extended to allow 2 to 3 minutes be- 
tween consecutive exercises with similar 
muscle groups in multi-joint lift ses- 
sions. The provision of more complete 
recovery is designed to enable higher 
loads to be lifted in later sets. 
Four sessions per week are performed, 
incorporating a split routine similar to 
the previous phase, again including 1 
workout dedicated to assistance lifts 
(Table 3). Moderate intensity plyomet- 
rics and agility and quickness drills are 
introduced 3 days per week before gym 
sessions. Metabolic conditioning is per- 
formed 4 or 5 days a week. Strength 
training is performed in the morning be- 
fore conditioning or practice sessions. 
Hypertrophy #2 Cycle 
(Preseason Weeks 5-6) 
This cycle includes the highest volumes 
used in the preseason training period, 
with 5 strength training sessions per- 
formed each week (Table 4). A loading 
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4-6RM, 2-3 sets 
Powerclean 
Ballistic push-up 
Splitjerk 
Romanian cleadlift 
scheme of 6RM (heavy days) and 8RM 
(light days) is used for multi-joint lifts 
(8RM for assistance lifts) in a circuit for- 
mat with minimal rest (<60 seconds) be- 
tween consecutive exercises. 
The duration of metabolic conditioning 
is tapered slightly. Likewise, plyometrics 
and agility and quickness drills are limit- 
ed in intensity and restricted to 2 days 
per week on lower-body strength train- 
ing days to accommodate the high vol- 
umes of strength training. 
Strength #2 Cycle 
(Preseason Weeks 7-8) 
Four training sessions are completed each 
week in this phase: I combined whole- 
body workout; I upper-body workout; I 
lower-body workout; and 1 assistance 
workout (Table 5). Intensity increases to 
4-5RM for multi-joint lifts (8RM for as- 
sistance lifts), reflecting a shift towards 
gains in maximum strength. Exercises 
continue to be performed in circuit for- 
mat, with rest intervals manipulated to 
provide 2 to 3 minutes between consecu- 
tive exercises with similar muscle groups 
for multi-joint lifts. 
Less metabolic conditioning is per- 
formed to accommodate a greater num- 
ber of tactical practice sessions. Resisted 
and assisted sprint training drills are in- 
troduced. Similarly, rugby-specific resis- 
tance training exercises are introduced, 
using bungee ropes for resistance. Mod- 
erate- to high-intensity plyometrics and 
agility drills are performed 2 days per 
week before gym sessions. 
Tuesday Thursday 
Power Cycle 
(Preseason Weeks 9-11) 
This phase features the highest loads 
used in the training cycle. There is a 
focus on explosive lifts; these are per- 
formed first in the workout when the 
player is still fresh. 
Three sessions are undertaken per week 
(Table 6). Intensity is raised to 3-4RM 
for all lifts, with players completing 4-5 
full load sets at the discretion of the 
strength coach each day. Assistance lift 
days are eliminated during this phase. 
Rest periods are extended to allow 3 to 4 
minutes between exercises, with core 
work (approximately 2 minutes dura- 
tion) performed between sets. 
High-intensity plyometrics training is 
implemented twice weekly (Monday 
and Friday) prior to gym sessions. 
Strength training continues to be per- 
formed in the morning before condi- 
tioning or practice sessions. 
In-seasonlRegular Season 
(September-April) 
It is vital that resistance training is main- 
tained in season to prevent significant 
losses in strength and power. High loads 
(ý! 80% 1 RM or ý! 8RM) are implemented 
2 d/wk for multi-joint lifts. This loading 
scheme has been shown to maintain, or 
even increase, strength levels in the 
multi-joint lifts throughout the playing 
season in American Football 0 9). 
15-Week Schedule September-December. 
Loads are varied according to an undu- 
lating nonlinear periodized plan to 
allow high weight to be lifted without 
overloading the player. This phase con- 
sists of three 5-week macrocycles, each 
comprising microcycles of progressively 
increasing intensity (Table 7a-c). 
Late December. One week active rest is 
given, comprising unstructured recre- 
ational games and workouts. 
18-Week Schedulejanuary-April An un- 
dulating nonlinear periodized plan is 
again used, working to a format similar 
to the early season mesocycle. There is 
some manipulation of selection and 
order of exercises to offer variation in 
the training stimulus (Table 8a-c). 
InseasonlPlay-offs (May). A peaking cycle 
is implemented for the period leading 
up to major competitions at the end of 
the season. This cycle features very high 
loads (3-6RM) and low volume (2-3 
sets). There is a focus on multi-joint 
lifts, with assistance exercises being 
eliminated (Table 9). + 
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shouldn't be too surprised that their training 
needs are also different. On this basis, elite 
performers need to be treated as a special 
population. 
It is increasingly common these days for 
training guidelines to make distinctions based on 
individual training status and experience. An 
extensive analysis of the strength training 
literature (covering 140 studies in total) 
identified a continuum of optimal training 
variables for maximal strength gains, depending 
on individual training status and experience. (') 
rftaining intensity 
Maximal strength gains are demonstrated in 
untrained individuals when training at an 
average intensity of 60% 1RM (repetition 
maximum) and in strength-trained individuals 
when training at 80% 1RM. Competitive 
athletes appear to inhabit a territory still further 
along this continuum; and, in recognition of 
their specific needs, the American College of 
Sports Medicine (ACSM) recently updated its 
guidelines to include training prescriptions 
specifically for elite lifters. (1) However, attempts 
to treat competitive athletes as a special case are 
bedevilled by a lack of relevant data - 
particularly on team sports athletes - on which 
training prescriptions can be based. 
There is an inevitable trade-off between 
obtaining access to these athletes as subjects and 
imposing the kind of scientific rigour that 
generates valid results. Counterbalanced study 
design requires a control group to act as a 
baseline for comparison with a 'treatment' group. 
But the problem is that the more beneficial a 
'treatment' is perceived to be, the harder it is to 
accept no treatment or a placebo in its place. 
As the demands and profile of competitive 
sport continue to increase and the financial 
stakes continue to rise, there is a proportionately 
increased emphasis on athletes' physical 
preparation, including strength training and 
conditioning. In this climate, no coach to a 
professional team would agree to having half the 
squad perform entirely different training, or even 
no training at all, to satisfy experimental 
protocol. Similarly, players would naturally be 
averse to having their chances for selection - and 
ultimately winning a contract - jeopardised by 
receiving inferior physical preparation as a result 
of being randomly assigned to the 'wrong' 
experimental group. 
But in view of the doubts about the 
applicability of findings from studies on non- 
athletes and the lack of objective data relating to 
athletes, there is a critical need to gather 
information about this group. Until this can be 
done, strength and conditioning coaches in the 
majority of team sports will be without a 
quantitative basis for strength training 
prescription for their sport. 
Given the time constraints imposed by 
extended playing seasons and the high volumes of 
concurrent training and team practices common 
to all professional team sports, the effectiveness 
of physical preparation is paramount. This data 
vacuum is therefore a critical issue. In the 
absence of specific objective data relating to their 
sport, coaches will continue to use their own 
observations and training experience as the basis 
for designing training programmes, and athletes' 
physical preparation will continue to be adversely 
affected as a result. 
However, from the data that is available, some 
suggestions for the kind of training volumes, 
frequency and intensity relevant to competitive 
athletes can be derived. A mean training intensity 
of 85% IRM has been found to have the greatest 
effect in competitive athletes in the majority of 
relevant studies. This equates to 6RM - ie the 
greatest weight that can be lifted for six 
repetitions when lifting to failure. It is also in 
general agreement with the recent finding that 
loads greater than 80% 1RM were necessary to 
maintain or improve strength throughout the 
playing season in American college football 
players. 0) 
This requirement for greater average intensity 
appears to be a common theme for athletes as a 
special population. Training studies featuring 
protocols in which the athlete subject group lifted 
to failure report greater average strength gains. 
Accordingly, there is a need for strength training 
regimes for competitive athletes that stipulate 
the athlete must lift to failure at the specified 
load, as training at lesser intensities has been 
shown to elicit minimal improvements. 
Iraining frequency 
In terms of frequency of strength training, 
recommendations are based on the number of 
times per week individual muscle groups should 
be trained. Data from athletes has shown that it 
is similarly effective to train a particular muscle 
group on two or three days a week. How many 
strength training sessions per week this equates 
to will depend on the design of the workout. It 
could mean two workouts per week if both 
workouts involved whole-body sessions. On the 
other hand, if a 'split routine' format is used to 
work on particular muscle groups independently, 
it could equate to four or more strength training 
sessions per week. Given the time constraints 
imposed by many team sports, the whole-body 
format is likely to be more time-efficient. 
Strength training volume recommendations 
for competitive athletes are also made for 
individual muscle groups. A mean number of 
eight sets per muscle group per week have been 
6No coach to 
a professional 
team would 
agree to 
having half 
the squad 
perform 
entirely 
different 
training to 
satisfy 
experimental 
protocol9 
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found to maximise strength gains in groups of 
athletes. By contrast, most studies on non- 
athletes (both strength-trained and untrained) 
have found four sets per muscle group per week 
to be effective in evoking maximal strength gains. 
These observations reinforce the specific needs 
of athletes as a special population. 
As far as training mode is concerned, exercise 
selection must be addressed on an individual 
basis, based on a 'needs analysis' for the 
particular sport and the individual athlete. This 
should include biomechanical analysis of the 
movements involved in match play and profiles of 
injury risk for that specific sport, as well as the 
biomechanical peculiarities and injury record of 
the athlete. 
In conclusion, data from studies on 
competitive athletes reveal demonstrable 
differences between their strength training needs 
and those identified for non-athletes. Some 
strength training guidelines for competitive 
athletes have been suggested in this article, based 
on the limited data available. 
Further research, which directly assesses the 
training responses of competitive athletes, is 
required in order to firm up and develop these 
guidelines. This is critical to providing coaches in 
professional sports with an objective basis for 
their strength training programmes and thus, 
ultimately, to optimising performance in these 
sports. 
It is well recognised that randomised 
controlled scientific studies are the best route to 
valid results but, where professional athletes are 
concerned, some compromises on experimental 
design are likely to be needed. 
Paul Gamble 
STRENGTH TRAINING 2 
Why women avoid 
weight training - and 
how coaches can 
change their minds 
Female athletes are less likely to perceive weight 
training as beneficial to their sport than their 
male counterparts, according to a recent study. 
This may not seem like much of a problem, but 
weight training is a significant aid to female 
athletes, not just because it helps improve 
sporting performance but also because it helps 
ward off osteoporosis by enhancing 
bone 
mineral density (BMD). 
Coaches and athletes need to be aware of 
these benefits as well as the social/cultural 
barriers that may discourage women from 
participating in weight training. This article will 
begin to address these issues as well as offering 
practical advice on training. 
The study referred to above involved 139 male 
and 165 female student athletes from four US 
colleges. 0) The students, who participated in a 
total of 11 different sports, including soccer, 
athletics, lacrosse and basketball, completed two 
questionnaires: 
* The Training Information Survey (TIS), 
including questions on weight training practice 
and perception, as well as other sports training 
and conditioning; 
0 The Sport Orientation Questionnaire (SOQ), 
which measures competitiveness, win orientation 
(where the performer is focused on an objective 
outcome, eg a race result) and goal orientation 
(focus on personal achievement). (') 
The authors were seeking to identify gender 
differences in weight training perception as well 
as differences between more competitive and less 
competitive athletes. 
The key findings were as follows: 
0 Female athletes perceived weight training to be 
less important than their male counterparts, 
while their coaches considered weight training to 
be less essential for women than for men; 
0 The athletes who participated most in weight 
training activities were those who considered it 
essential to their sport. Participation was not 
linked with competitiveness, goal or win 
orientation; 
0 Female athletes were less confident about 
weight training than male athletes; 
* The SOQ confirmed previous research that 
male athletes were more competitive and win 
orientated than women while female athletes 
were more goal orientated than men; 
9 In both groups of athletes, those who were goal 
orientated and competitive considered weight 
training equally important for male and female 
athletes, while those who were win orientated 
thought weight training was a masculine activity, 
important only for male athletes. 
Leaving aside for the moment the differences 
between competitive, goal and win orientated 
athletes, the three main issues highlighted by this 
study were the perception of weight training as a 
masculine activity, the finding that participation 
in weight training is linked to the perception of 
sport specific relevance and the fact that female 
athletes are less confident about weight training 
than males. 
Unfortunately, coaches did not appear to be 
helping matters. And the researchers conclude 
that coaches need specific education and support 
in order to promote weight training appropriately 
to female athletes. 
Sportswomen seem to have an adverse 
perception of weight training, perhaps because 
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(4 x 2,000m) to establish the relationship between 
running speed and blood lactate levels. Basically, 
the researchers wanted to discover how fast the 
runners needed to run to be able to stay within 
comfortable - for achieving fast half-marathon 
times - lactate levels. 
Speeds used in the field test ranged from 4.2 
to 5.8 metres per second, with a progression of 
0.4m/s each step. Following each loading level, 
blood samples were taken and analysed. At first it 
seemed that the step tests were valuable 
predictors of half-marathon times, with test 
speeds corresponding to lactate concentrations 
of between 3.0 and 5.5mmol, reflecting half- 
marathon speed. Even higher correlations were 
found at lactate levels of 4.5,5.0 and 5.5mmol 
running speeds. 
However, when the athletes actually raced, 
these strong correlations fell apart; 70% of the 
athletes' final competition times fell outside the 
level of prediction based on the lactate levels of 
4.5-5.5mmol achieved during the supposedly 
predictive step testing. 
Predictive limitations 
In an attempt to further explain lactate levels and 
LT's shortfalls when it comes to endurance event 
performance, Noakes writes: 'Lactate is a natural 
product of carbohydrate metabolism during 
exercise. As the rate of energy production rises, 
so more carbohydrate is used and as a result, 
more lactate appears in the bloodstream. Hence 
a rising blood lactate level only indicates that 
more carbohydrate is being burned. It does not 
mean that the muscle's work is becoming more 
anaerobic. "') 
Thus attempts to correlate event 
performance with a notional lactate threshold 
are ultimately doomed to failure. Noakes 
suggests that better predictors of endurance 
performance are time trials, race results at 
shorter distances and self-analysis (for suitably 
experienced athletes). 
By now some of your misconceptions 
surrounding lactate should have been cleared up. 
The reality is that lactate (or lactic acid) is 
neither a bad guy nor a waste product, but a key 
ingredient in energy production and 
sustainability. 
So now, when you experience the pain of a 
highly beneficial lactate stacker workout, you 
should not curse lactic acid but rather pat it on 
the back for the attempt it has been making 
at keeping your muscles working and the 
contribution it will be making to your post- 
workout recovery. 
Lactate only blots its newfound copybook 
when used to specifically predict endurance 
performance. 
John Shepherd 
STRENGTH TRAINING I 
When it comes to 
strength training, 
athletes need to be 
treated as a 'special 
population' 
Sport scientists, coaches and trainers are 
becoming increasingly aware of a worryingly wide 
gap between the findings of strength training 
studies, as reported in the scientific journals, and 
what is applicable in the field. More specifically, 
there is a need for studies that investigate tl_ he 
training responses of competitive athletes 
directly rather than making inferences based on 
studies of non-athletes. 
Findings from strength training studies have 
been generalised in order to establish guidelines 
for the frequency, volume and intensity of 
strength training likely to produce the greatest 
gains in trained and untrained subjects 
respectively. (', ') However, such 'dose-response' 
relationships have not been identified in 
competitive athletes until recently. 
A study published last year set out to 
investigate the relevance of the strength training 
literature to competitive athletes. 0) The authors 
conducted a meta-analysis (review of pooled 
data) of 37 individual studies involving 
competitive athletes from a range of sports and 
athletic backgrounds. Their aim was to identify 
the 'doses' of training frequency, volume and 
intensity that produced the greatest measured 
strength gains and to generalise the dose- 
response relationship from these findings. 
Their key finding was that the training 
parameters found to optimise strength gains in 
competitive athletes differed markedly from 
those identified by similar studies on non- 
athletes. Specifically, the training volume (sets 
per muscle group), training frequency (days per 
week for each muscle group) and training 
intensity (resistance load) found to be most 
effective in a range of studies were very different 
for athletes from those applying to non-athletes - 
even those experienced in strength training. 
The researchers concluded, quite naturally, 
that competitive athletes appear to exhibit 
different training responses from even 
recreationally trained non-athletes. Given this 
divergence, it would seem unwise - unsafe even - 
to generalise from findings about non-athletes, as 
has happened in the past. 
The performance pressures on competitive 
athletes are vastly different from those on 
recreationally trained individuals. So perhaps we 
